AD-A056  794  NAVAL  RESEARCH  LAB  WASHINGTON  D C SHOCK  AND  VIBRATIO— ETC  F/G  20/11 
THE  SHOCK  AND  VIBRATION  DIGEST.  VOLUME  10>  NUMBER  7.(U) 

JUL  78 


■ : 


DIRECTOR  NOTES 


The  rate  of  development  of  new  science  and  technology  continues  to  increase 
both  in  the  United  States  aryj  abroad.  It  has  been  estimated  by  some  that  60% 
of  all  new  developments  originate  outside  the  United  States.  Whether  or  not  this 
Estimate  is  correct  is  not  really  relevant.  What  is  of  concern  is  whether  new  tech- 
nology flows  as  readily  into  the  United  States  as  domestically  financed  research 
results  are  made  available  to  our  friends  abroad.  This  does  not  appear  to  be  the 


About  75%  of  all  scientific  and  technical  papers  produced  in  the  United  States 
are  offered  for  sale  by  the  National  Technical  Information  Service  (NTIS).  Ap- 
proximately 10%  of  NTIS  sales  are  to  foreign  countries,  indicating  an  aggressive 
pursuit  of  U.S.  technology  by  key  countries  around  the  world.  Most  other  coun- 
tries have  nothing  resembling  NTIS.  They  cannot  be  criticized  for  this,  nor  can 
the  U.S.  government  be  criticized  for  establishing  NTIS.  Rather,  these  facts  provide 
a signal  that  the  United  States,  in  its  own  best  interest,  should  change  its  present 
indolent  pursuit  of  foreign  technology  into  a very  active  program. 

There  is  ample  evidence  to  support  this  need.  Dr.  Ruth  M.  Davis  in  the  keynote 
address  at  the  DoD  Materials  Technology  Conference,  February  1978,  said,  "In 
a global  sense,  it  must  be  concluded  that  the  U.S.  is  no  lopnar  the  world  leader 
in  Materials  Technology."  Dr.  Alan  M.  Lovelace  said  at  a recent  meeting  of  the 
AIAA,  "Yet,  we  see  a growing  overseas  competition  in  areas  where  the  United 
States  has  traditionally  been  a leader;  high  power  transmitters,  low-cost  space 
systems,  efficient  small  receivers,  effective  use  of  very  high  frequencies  --these are 
becoming  the  problems  of  other  national  industries,  such  as  the  Japanese,  the 
Germans,  and  the  Canadians." 

Is  the  U.S.  at  the  forefront  in  all  phases  of  shock  and  vibration  technology?  I 
think  not.  Are  there  developments  in  other  countries  that  would  assist  us  in  ad- 
vancing our  own  shock  and  vibration  programs?  I think  so.  We  should  try  in  every 
way  possible  to  promote  efficient  international  technology  exchange. 
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EDITORS  RAHLE  SPACE 


A NEW  PUBLICATION  POLICY 

A recent  issue  of  the  Fluids  Engineering  Division  News  (ASME)  introduced  a new 
policy  dealing  with  the  publication  of  research  and  engineering  results  in  the 
Journal  of  Fluids  Engineering  (JFE).  Discussions  of  the  Executive  Committee 
of  the  Fluids  Engineering  Division  indicate  some  serious  reflection  by  the  com- 
mittee with  respect  to  publication  costs.  Interestingly,  however,  the  proliferation 
of  publications  seems  to  undergo  examination  only  when  money  has  become  an 
issue. 

Recently  (May  1978)  I noted  that  much  of  the  published  technical  material  is 
already  available  in  government  reports  (available  from  NTIS),  conference  pro- 
ceedings, theses,  and  special  publications  of  collected  works.  Policies  that  have 
allowed  multiple  (often  two  and  three  times)  publication  of  technical  material 
have  helped  to  cause  the  information  explosion  - and  the  increased  printing  costs 
and  retrieval  problems  associated  with  it.  The  editors  of  the  JFE  have  now  charged 
that  specialists  within  a specific  technology  usually  read  the  proceedings,  reports, 
or  theses  long  before  any  paper  appears  in  a technical  journal.  Because  the  special- 
ists do_not  need  the  paper,  there  is  no  justification  for  publishing  it. 

Some  individuals  do  need  to  know  about  the  special  technology  published  in 
detailed  technical  reports  --  design/development  engineers,  research  specialists 
in  other  disciplines,  and  novice  workers.  The  editors  of  the  JFE  have  correctly 
noted  that  these  readers  are  most  interested  in  knowing  about  technological  prog- 
ress made,  its  practical  relevance,  the  methodology  involved,  and  supporting  data. 
An  extended  summary  or  review  of  the  technical  report  would  therefore  be  more 
useful  to  such  individuals  than  a complete  article.  If  the  novice  or  designer  requires 
more  information  he  can  go  back  to  the  original  report. 

The  editors  of  the  JFE  are  suggesting  a revised  policy  , when  a report  or  proceedings 
is  available,  the  paper  published  in  the  Journal  wilt  be  about  2,000  words  in  length 
and  in  the  forrnat  of  a summary.  In  addition,  when  the  article  is  submitted  for 
review,  copies  of  the  origirtal  report  will  accompany  it. 

«. 

In  my  opinion  this  is^'twative  solution  to  an  ongoing  problem.  Not  only  does  it 
deal  with  ever -increasing  puMication  costs  and  retrieval  problems  but  also  makes 
available  to  praaicing  engineers  a valuable  summary  of  new  technical  work.  The 
executive  committee  of  the  Fluids  Engineering  Division  are  to  be  congratulated 
for  their  work.  It  is  hoped  that  other  ASME  Technical  Divisions  and  other  societies 
will  also  develop  cost  effective  publication  policies  that  serve  practicing  engineers. 

R.L.E. 
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SOUND  ATTENUATION  OVER  GROUND  COVER 


K.  Attenborougli* 
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Abstract  - This  review  covers  recent  developments 
in  the  solution  of  the  problem  of  a point  source 
above  an  absorbing  plarte  with  particular  reference 
to  the  approximations  which  have  been  made  in 
order  to  simplify  numerical  calculation.  The  physical 
significatKe  of  these  approximations  is  outlined. 
Various  assumed  models  for  the  ground  surface  are 
dassifhd  arxl  explored. 

INTRODUCTION 

The  last  three  years  have  seen  a considerable  upsurge 
in  interest  in  sound  propagation  over  absorbing  ter- 
rain. In  our  previous  review  [1j,  we  mentioned  the 
prediction  scheme  for  the  calculation  of  road  traffic 
noise  in  the  UK.  Currently  in  the  USA,  predicted 
noise  levels  to  be  used  in  assessing  highway  noise  im- 
pacts shall  be  obtained  from  either  of  two  methods 
[2.  31 . A factor  for  ground  attenuation  is  included  in 
one  of  these  methods  (1.5  dB  per  doubling  of  dis- 
tance) irrespective  of  receiver  height,  in  excess  of  the 
loss  to  be  expected  from  free-field  cylindrical  spread- 
ing (3  dB  per  doubling  of  distance).  It  has  been  sug- 
gested (41  that  the  use  of  a constant  ground  attenua- 
tion factor  for  highway  noise  should  be  reconsidered 
since  the  free-field  propagation  loss  is  significantly  af- 
fected by  the  nature  of  the  ground  cover  and  that, 
furthermore,  slight  errors  in  the  assumed  propagation 
loss  factor  will  translate  into  major  errors  in  the  noise 
levels  predicted  at  distant  locations.  In  addition,  fur- 
ther research  is  necessary  on  the  propagation  of  traf- 
fic noise  over  terrain  with  different  types  of  ground 
cover.  Finally,  it  has  been  indicated  that  the  line 
source  assumption  is  not  correct  under  low  flow  con- 
ditions. In  these  circumstances,  the  fundamental  the- 
oretical problem  concerns  reflection  of  a spherical 
wave  over  an  absorbing  boundary.  Recently  improve- 
ments in  the  methods  for  predicting  aircraft  noise 
have  been  suggested  based  upon  developments  in  the 
solution  of  this  fundamental  theoretical  problem  (5| . 
These  improved  methods  are  recommended  both  for 
♦lyover  noise  predictions  and  in  correcting  static  test- 
stand  data  to  free-field  oorxfitions.  The  recommerxied 
procedure  for  measuring  the  noise  from  highway  ve- 
hicles and  embodied  into  much  legislation  ensures 


that  the  measurements  come  through  a spikey  acous- 
tic filter  over  the  ground,  the  characteristics  of  which 
could  be  important  [6] . In  the  next  section,  recent 
developments  in  solutions  of  the  fundamental  theo- 
retical problem  are  reviewed. 

SPHERICAL  WAVE  REFLECTION 
FROM  A FINITE  IMPEDANCE  BOUNDARY 

A straightforward  interpretation  of  spherical  wave 
refleaion  from  a boundary  between  two  semi-infinite 
fluids  is  that  all  the  reflected  waves  are  travellirtg 
from  an  image  source  located  within  the  reflecting 
medium  at  a depth  equal  to  the  height  of  the  source 
above  the  boundary.  The  sound  field  at  the  receiver 
will  then  deperxf  upon  the  phase  difference  between 
the  direa  and  reflected  waves.  The  phase  differerKse 
is  the  sum  of  that  introduced  as  a result  of  the  path 
difference  between  the  direct  ray  arxl  the  ray  from 
the  image  source  and  the  phase  change  on  reflection 
This  simplified  model  can  be  used  to  explain  many 
observed  results  (61  particularly  those  obtained 
over  an  acoustically  hard  boundary  [71  or  over 
paths  high  above  the  ground. 

An  equation  for  the  far  field  pressure  distribution 
which  derives  from  this  model  and  for  the  geomWry 
shown  in  Figure  1 is 

p,eik,r,  Pie'l^tfs 

Pt=  +Rp  (1) 

where  P)  is  the  incident  wave  amplitude,  k|  is  the 
propagation  constant  in  air,  r|  is  the  length  of  the 
direct  path  from  source  to  receiver,  rj  is  the  length 
of  any  reflected  path,  Rp  is  the  plane  wave  reflec- 
tion coefficient,  Zt  and  Zj  are  the  characteristic 
impedances  of  the  air  arxf  ground  (treated  as  a 
semi-infinite  fluid),  and  0|  and  0}  are,  respectively, 
the  angles  of  incidence  and  reflection. 
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|:  Time  dependence  e"  has  been  suppressed . 

I 

I For  large  angles  of  incidence  (grazing  incidence) 

' equation  (1)  breaks  down  because  of  the  assumption 

(of  plane  waves.  Angles  between  85°  and  90°  in- 
I cidence  are  o^en  of  importance  in  the  propagation 

of  traffic  noise.  At  grazing  incidence,  90°  and 
I Rp  * 'f-  This  value  signifies  a phase  change  of  180° 

|;  on  reflection  and  a cancellation  of  incident  and  re- 

F'  fleeted  waves  at  grazing  incidence  even  though  their 

I path  lengths  are  equal.  Thus,  the  simple  model 

suggests  the  disappearance  of  the  geometric  acoustic 
I'  pressure  and  the  formation  of  a shadow  zone  near 

I to  the  ground  plane.  Consequently,  the  classical 


solutions  to  the  theoretical  problem  [1]  include  an 
extra  term  which  does  not  allow  complete  cancel- 


lation of  direct  and  reflected  waves  at  grazing  in- 
cidence and  suggests  penetration  of  the  shadow 

zorte.  Hence,  the  field  above  an  absorbing  plane  is 

written 
P, 

— + IRp  + (1-Rp)F)  (3) 

rj  r|  r, 

where  F is  termed  the  "boundary  loss  factor".  This 

form  of  solution  is  appropriate  usually  for  large 


separations  of  source  and  receiver  and/or  high  fre-  j 

quencies  (e.g.,  it  requires  separations  of  the  order  ' 

of  100  m at  50  Hz  and  1 m at  500  Hz).  As  we  shall 
show  later,  the  form  of  the  third  term  of  equation 
(3)  is  appropriate  only  for  a relatively  hard  boundary 
J51. 

It  is  usual  to  solve  the  problem  of  spherical  wave 
propagation  above  a boundary  of  finite  impedance  by 
expanding  the  incident  and  reflected  spherical  waves 
into  cylirtdrical  harmonics  and  by  contour  integra- 
tion of  the  resulting  integral  of  complex  variables 
for  the  total  field.  The  complex  variable  of  integra- 
tion chosen  is  either  the  wave  number  or  the  angle 
of  incidence  and  the  possible  contours  for  integra- 
tion are  rrrany  (8-111  reflecting  the  different  meth- 
ods of  solution  of  the  analogous  electromagnetic 
problem. 

Many  of  the  classical  solutions  to  the  problem  which 
are  suitable  for  numerical  computations  (1)  have 
been  shown  to  be  in  error  at  low  frequencies  and  for 
cortditions  where  the  boundary  admittance  (or 
impedance)  is  purely  imaginary  [51.  The  required 
correction  modifies  the  value  of  F arxJ  stems  from  the 
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path  of  integration  chosen  in  this  type  of  solution. 
It  has  been  interpreted  physically  as  a surface  wave; 
i.e.,  an  air-borne  wave  which  is  confined  to  a region 
near  the  ground  surface  with  a resultant  decrease 
in  amplitude  with  distance  determirred  essentially 
by  cylindrical  spreading.  An  additional  attenuation 
of  the  surface  wave  vertically  away  from  and  r>arallel 
to  the  ground  surface  results  from  dissipation  of 
energy  at  the  boundary  due  to  coupling  with  the 
grourxj  surface  and  depends  on  the  value  of  the 
normal  impedance  of  the  surface.  The  surface-wave 
term  appears  only  for  certain  values  of  the  real  (Rp) 
arxl  imaginary  (Xp)  parts  of  ground  impedance  artd 
the  angle  of  incidence.  Although  the  correction  term 
has  the  physical  attributes  of  a surface  wave  (for 
Rp  = 0),  it  is  hard  to  justify  physically  since  surface 
waves  usually  propagate  within  the  refracting  medium 
(121,  i.e.  the  medium  of  higher  sound  speed.  As 
such,  its  existence  is  controversial,  although  model 
experiments  have  lent  support  to  the  concept  l13] . 
The  simplest  tyfje  of  surface-wave  which  emerges 
from  a theoretical  analysis  is  the  Rayleigh  wave 
(basically  a type  of  shear  wave)  which  occurs  at  and 
within  the  free  boundary  of  a solid,  i.e.  a solid/ 
vacuum  boundary.  This  was  first  introduced  as  a 
degenerate  case  of  reflection  of  plane  waves. 

When  an  impulsive  source  and  a receiver  are  located 
in  a lower  velocity  medium  separated  by  a distance 
large  compared  with  the  distance  of  other  from  a 
plane  of  contact  with  a higher  velocity  medium, 
it  is  observed  that  the  first  disturbance  arrives  at  a 
time  which  can  only  be  due  to  traversal  of  part  of  the 
path  at  the  higher  velocity.  This  is  known  is  seis- 
mology as  the  refraction  arrival  (131 . It  can  be  under- 
stood by  a simple  physical  argument  based  upon  ray 
acoustics.  Rays  incident  from  the  lower  velocity 
medium  will  be  refracted  away  from  the  normal  in 
the  higher  velocity  medium.  There  will  be  a certain 
limiting  angle  of  incidence,  known  as  the  critical 
angle  beyorxf  which  there  is  rto  refraction,  only 
"internal"  reflection.  At  the  critical  angle,  the  re- 
fracted/refleaed  ray  travels  along  the  surface  to 
re-emerge  into  the  medium  of  lower  velocity  at  the 
critical  angle.  This  ground  or  lateral  wave  has  been 
investigated  theoretically  with  regard  to  seismic 
refraction  experiments  to  determine  the  acoustic 
properties  of  the  ocean  bottom  (14). 

However,  the  assumption  shared  by  the  solutions 
examined  so  far  [1,5,  7-11]  is  that  the  ground  is 


locally  Reacting,  i.e.  the  refracted  waves  travel  normal 
to  the  boundary  irresr>ective  of  the  angle  of  inci- 
dence. An  essential  pre-requisite  for  this  assumption 
is  that  the  ground  is  the  lower  velocity  medium.  As 
such,  it  should  rrat  be  possible  to  generate  lateral 
waves  of  the  seismological  kirrd.  Indeed,  it  seems 
hardly  likely  in  a physical  sense  for  a wave  to  be 
able  to  travel  along  a boundary  in  air  but  closely 
coupled  to  the  boundary,  if  the  boundary  permits 
motion  only  normal  to  the  surface.  The  assumption 
of  local  reaction  is  explored  further  in  the  next 
section.  It  has  been  pointed  out  that  the  identifica- 
tion of  a surface  wave  term  in  the  solutions  based 
upon  contour  integration  is  not  a consequence  of 
physical  realities  but  of  choice  of  particular  integra- 
tion contours  for  numerical  purposes  (101.  Choice 
of  a different  but  valid  path  of  integration  would  let 
the  individual  surface  wave  term  disappear  but  still 
present  the  complete  and  correct  total  field. 

When  the  source  and  receiver  are  on  the  boundary 
(i.e.  = 90°)  and  the  impedance  of  the  ground 

surface  is  purely  resistive  but  not  infinite  (i.e.,  the 
phase  change  on  reflection  is  zero)  Fe'*''’o/rQ  can  be 
interpreted,  by  direct  analogy  to  the  propagation 
of  electro-magnetic  waves  above  the  earth,  as  a 
grourxf  wave  (15,  161 . As  such,  it  suffers  no  excess 
attenuation  compared  with  propagation  over  an 
infinitely  hard  surface  but  for  longer  distances 
exhibits  a loss  of  6 dB/dd  in  addition  to  that  provided 
by  the  inverse  square  law. 

Another  method  of  solution  has  been  advocated 
recently  which  does  not  explicitly  require  a surface 
wave  interpretation  (17)  arxl  the  possibility  of 
obtaining  exact  expressions  without  the  assumption 
of  local  reaction  has  been  outlined  [181.  However, 
so  far,  numerical  calculations  from  this  solution 
have  only  been  carried  out  for  the  limiting  case  of 
source  and  receiver  in  the  absorbing  plane.  Further- 
more, experimental  verification  has  been  limited  to 
the  frequency  range  4-6  kHz. 

The  important  practical  test  of  any  solution  's  its 
ability  to  predict  excess  attenuation.  Good  agree- 
ment has  been  shown  between  theories  which  allow 
for  a surface  wave  and  measurements  of  excess  at- 
tenuation for  source-receiver  seiiarations  of  up  to 
300  m arxl  for  various  heights  over  flat  grass  land 
(10,  11,  15,  161.  The  correspondence  between 
theory  arxl  experiment  is  valid  only  for  relatively 
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limited  data  sets  (NRC,  Canada;  BRE;  England  and 
ttM  Lund  Institute,  Sweden)  obtained  over  "institu- 
tional"  grass  and  an  airfield.  It  may  not  hold  true, 
rteoessarily  over  other  types  of  surface. 

At  the  stage  prior  to  integration,  the  integral  repre- 
sentations of  the  total  field  (11]  may  be  considered 
exact,  although  it  has  been  suggested  that  many  of 
these  representations  are  furtdamentally  in  error 
sirtce  they  rely  on  far -field  expressions  for  a spherical 
wave  and  hence  do  not  adequately  predict  the  field 
near  the  source,  i.e.  where  rg  and  r2  ♦ 0.  The  ac- 
curacy of  numerical  comparison  with  experiment 
then  depends  partly  on  the  assumption  of  a locally- 
reacting  semi-infinite  or  layered  model  of  the  ground 
and  partly  upon  the  method  of  evaluating  the  inte- 
grals. The  evaluations  usually  require  asymptotic 
aeries  expansions  of  the  boundary  loss  fartor  F. 
The  various  approxirnations  have  been  explored 
thoroughly  (191 . They  relate  to  source/receiver 
separation:  bourxfary  impedance;  and  the  grazing 
angle.  Some  of  these  approximations  were  stated 
in  our  earlier  review  [1]  however  they  are  restated 
here  for  completeness.  Noting  again  that  equation 
(3)  is  valid  strictly  only  for  horizontal  separations 
(Zq)  of  source  and  reciever  that  satisfy  k,rQ»1 
(i.e.,  IC|rj»1)  and  for  a high  impedance  or  acous- 
tically hard  boundary  (i.e.,  Z,  » Z| ),  then  we  have 

F - 1 i v/Tifw)  • e"''''  ■ erfc(-i  ) (4) 

2 - j 

where  erfc(-i>/^)  = -;=-/  e”'  dt 

Vtt  -iyw 


and  w 


Zik.r,  Z,* 
(1-Rp)’ 


ki’ 

— cos*^]/) 
kj 


$nd  is  known  as  the  numerical  distance,  kj  is  the 
propagation  ^nstant  in  the  ground  and  ^ is  the  graz- 
ing angle  - - fig . For  a locally  reoaing  boundary 

(i.e.  9]  • 0 in  equation  (2)) 


w- ikgr,(sin  ^ (Zg/Zj)]*/2  (5) 


Reference  15  uses  rg  in  place  of  r,  in  the  above 
expression  for  w.  The  solution  due  to  Ingard  [1] 
uses  a different  expression  for  w,  however  it  has  been 
shown  to  lead  to  the  same  result  under  the  approxi- 
mations for  which  it  is  valid  (19] . Hence  w and  F 
are  complex  functions  of  source/receiver  separation; 


grazing  angle  (or  angle  of  incidence)  and  boundary 
impedance. 

Asymptotic  series  expansions  of  erfc(-i  >/~w)  are 
available  both  for  large  and  small  w.  For  |w|  « 1, 
we  must  have  small  grazing  angles.  This  follows  from 
equation  (5)  since  the  approximations  kgrj  > 1 and 
(Zg/Zj)*  « 1 are  implicit  already.  Then  the  power 
series  expansion  quoted  incorrectly  in  reference 
1 and  reference  5 is  appropriate,  hence 

F = Uie"''''V(ifw)  ■2e"''''(w— ^2+21^-31^.  .)  (6) 

With  the  extension  of  this  assumption  to  place  both 
source  and  receiver  on  the  boundary,  i.e.  S = h = 
l]/  = o and  for  |w|  « 1 the  bracket  in  the  third  term 
of  equation  (6)  can  be  neglected,  the  resulting  F 
inserted  into  equation  (3)  with  \(/  = 0 in  equation  (5) 
and  r,  - r,  - r©  to  give  w * ikg rglZg /Zj )’/2  and 


Zeiki^o 


2»rkg 


Zg  (7) 

— e-'(kiro((Zg/Z,)*-1) 

Hr/4] 


When  both  source  and  receiver  are  on  the  ground, 
the  solution  in  equation  (7)  has  been  called  the 
ground  wave  (15,  16].  The  first  term  attenuates 
according  to  the  inverse  square  law  and  the  secorxl 
term  may  be  interpreted  as  the  contribution  of  a 
surface  wave  the  attenuation  of  which  is  given  by 
both  the  r"*^  factor  and  the  real  part  of  the  ex- 
ponent viz.  kg  ImfZg/Zj  )*.  A slightly  different 
expression  is  given  in  reference  19,  however  it  be- 
comes the  same  as  equation  (7)  if  the  approximations 
kgh|Zg/Zjl«  1 and  (Zg/Zj)*  « 1 are  made 
which  are  consistent  with  approximations  already 
stated.  For  |w|  » 1,  i.e.,  very  large  source/receiver 
separations  so  that  |Zg/Z,|*k,r2  » 1.  which  is  a 
less  reliable  approximation  in  view  of  those  im- 
plicit already,  the  appropriate  expansion  for  F is 
(5,191 


F = 2iV  (itw)S(lm  v^)e  ' <8* 

where  S(lm  is  the  unit  step  funaion  such  that 


1 if  lm'^w>0 
S(lm>/w)  “ %iflm>/vv’“0 
0 if  Im  ^v7 < 0 

This  differs  from  equation  (14),  (1]  by  the  first 


t 


(12b) 


term  which  may  be  interpreted  as  the  contribution 
due  to  the  surface  wave.  With  the  additional  condi- 
tion that  source  and  receiver  are  on  the  boundary 
and  curtailinq  equation  (8)  after  the  first  two  terms 
we  have 


Pi 


2e''^tfo  _ 27rk, 

• + 2iS(lmvw)(“? — 

ikro*(Z,/2,)»  o 

(£i)e-i[k,ro(Z,/Zj)*  -1)  -rrM)  , 

Zj 


(9) 


Pt 

— = A + B when  Oj  < -f (U| , 0\ ) 

Pi 

where  Zi/Zj  = v = Vi  iuj  (the  specific  boundary 
admittance). 

f(ui . fli ) = cosecfli  (cosfli +i>i  )(1 +UiCosfli) 

(1  +2piCostf  + 

2\v  1+ocosfli 

A=[Rn  + ;]  

kitj  (cosfli+u)*  r, 

B =’/4kiue"‘'’^<  * 1(1  - u’)''^kjrjl 


Again,  this  may  be  interpreted  as  a ground  wave  - 
this  time  containing  a term  decaying  as  r~’  and  in- 
cludes a surface  wave  which  exists  only  for  Im^^ 
> 0.  For  gracing  incidence  ^ = 0,  this  condition 
implies  that 

'k|fo  u 

lm(( — ^ )'^Z,/ZjJ>0.  (10) 

If  we  write  Zi/Zj  = (R^  -t-  iXn)~'  consistent  with 
the  local  reaction  assumption  where  Rp  and  Xp  are 
the  real  and  imaginary  components  of  the  specific 
normal  impedance*,  then  this  condition  reduces  to 

-ff/2<tan-‘(-|Xp|/Rn)<-ff/4 

(quoted  incorrectly  in  reference  5) 


Hq(')  ( ) denotes  the  Hanke!  function  of  zero'th 

order  and  the  first  kind.  Here  the  second  term  of  A 
may  be  taken  to  represent  the  wave  attenuating 
as  r2~^  and  B may  be  taken  as  a surface  wave  con- 
tribution. 

More  exact  expressions  for  A and  B have  been  derived 
which  allow  for  any  value  of  the  ratio  (Z|/Z})  and 
for  kjti  ^ 1 [10]  and  may  be  written 

A' = 1 -t  2kioe'ki''2  /“*  C"'''»e'k|'’2tdt 
0 

B'  = A'  -I-  B 

where  C = (cos^i  -k  u)*  -t  2i(1  vcosO, ) t - t* 


or 

«>|Xp|>Rp  (11) 

(see  also  reference  8) 

This  condition  is  satisfied  up  to  1100  Hz  according 
to  some  ground  impedance  measurements  [1)  and 
up  to  800  Hz  for  other  measurements  [15,  16) 
(see  Figures  2 and  3) 

For  an  acoustically  soft  boundary,  i.e.  where  Z|/ 
Za  1 and  non-grazing  incidence  (but  kir2»1) 
the  basic  expression  for  the  sound  field  is  best  writ- 
ten in  the  form  (5) 

Pt  e'*'i''2 

— + A when  Oa  >■  1(t>i  ) 

Pi  n (12a) 


These  expressions  retain  integrals  which  may  be 
computed  numerically  rather  than  requiring  power 
series  expansions.  At  grazing  incidence,  the  more 
exact  condition  for  the  existence  of  a surface  wave 
may  be  deduced  from  equation  (46)  [10]  viz. 

Red-a’l’-^Xmlu) 

|Xni  Rp 

which  reduces  to  <13) 

which  is  slightly  less  stringent  than  the  condition 
imposed  by  inequality  (11)  since  the  right-hand 
side  of  inequality  (1 3)  is  always  less  than  1 . 

From  equation  (9)  and  (10),  noting  that  the  decay 
is  dominated  by  the  exponential  terms,  the  decay 
of  the  surface  wave  depends  upon  the  magnitude 
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'Most  typical  results  of  measurement  show  that  Xp  is  nega- 
tive (15, 161  however,  it  may  also  be  positive. 


Normalized  Impedance 


Figure  3.  Normalized  Impedance  Data  for  GrourKl  Showing  Positive  Imaginary  Part  (PSU) 
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of  k|  |m{Z,  /Za)*  = 


2k.RnXn 

(Rfi  + Xp|)*  + 4Xf,  Rp 


This  will  be  small  under  the  corxlitions  necessary 
for  the  existence  of  the  surface  wave  and  will  become 
smaller  as  f,  is  increased.  Typicallv  |X^|  has  its 
largest  values  at  the  lowest  frequencies  [1.  15]. 
Thus,  where  the  surface  wave  contribution  exists, 
its  attenuation  will  be  small.  A corollary  of  this  is 
that  where  |Xf,|  is  large,  the  excess  attenuation  will 
be  small.  The  nearer  the  value  of  1X^,1  approaches 
Rp,  the  greater  the  excess  attenuation  until  the  sur- 
face wave  is  cut  off  altogether  according  to  inequal- 
ities (1 1 ) and  (13). 


MODELS  OF  THE  GROUND  SURFACE 

Locally  Reacting  Semi-Infinite  Fluid  Models 
All  of  the  good  agreement  between  theory  and 
outdoor  experiment  that  has  been  quoted  in  the 
literature  11,  11,  15,  16]  has  been  obtained  with 
the  simplifying  assumption  that  the  ground  surface 
behaves  acoustically  as  the  surface  of  a locally  react 
ing  fluid;  either  of  semi-infinite  extent  or  of  finite 
thickness  with  a rigid  backing.  Consequently,  recent 
reviews  [5,  16]  maintain  that  it  is  an  adequate 
approximation  to  regard  a flat  grass-covered  soil, 
sarxf  or  clay  surface  as  semi-infinite  and  locally 
reacting. 

Local  reaction  is  a feasible  approximation  to  the 
behavior  of  some  rigid -framed  fibrous  absorbents 
since  they  have  a very  high  internal  damping  and 
hence  a low  speed  of  sound  propagation  within  them. 
Let  the  propagation  constant  be  k|  = a -t  ib  in  a 
medium  (assuming  a time  dependence  e“'‘*'').  Then 

Of  utia-ib) 
ki  a*+b* 
cua 

° a’+b’ 

If  the  damping  (b)  is  large,  then  Re  Ci  will  be  small. 

Typical  values  of  real  and  imaginary  parts  of  nor- 
malized, normal  or  characteristic  impedance  for  grass 
covered  flat  open  grourtd  (1,  15]  are  an  order  of 
magnitixfe  greater  than  the  characteristic  impedance 
of  a typical  fibrous  medium  below  1 kHz  (Figure  2). 
The  appreciable  difference  in  impedance  below 


1 kHz  suggests  that  ground  surfaces  may  not  be 
locally  reacting  at  low  frequencies  Sound  speeds 
in  sand  deduced  from  mechanical  (rather  than  acous- 
tical) excitation  are  higher  than  in  air.  Using  a typical 
value  for  the  characteristic  imptedance  of  sand  and 
assuming  that  the  "acoustic"  density  is  the  same  as 
the  actual  density,  it  has  been  shown  that  the  local 
reaction  assumption  could  lead  to  considerable  errors 
in  the  ground  reflection  coefficient  where  the  veloc- 
ity of  sound  within  the  ground  is  greater  than  that  in 
air  and  where  the  angle  of  incidence  falls  below 
90°,  i.e.  non-grazing. 

Use  of  averaged  data  for  surface  impedance  [151 
in  theories  which  omit  surface  wave  terms  [1]  has 
shown  that  tnere  is  very  little  difference  between 
the  predictions  of  a theory  which  allows  extended 
reaction  and  one  which  assumes  local  reaction  [20] . 
In  the  absence  of  consideration  of  surface  wave  type 
terms,  this  work  cannot  be  regarded  as  definite  proof 
of  the  adequacy  of  the  local  reaction  assumption. 


Fluid  or  Solid  Layer  Models 

It  has  been  recognized  that  there  are  situations  in 
which  the  locally  reacting  semi-infinite  model  (some- 
times called  the  impedance  model)  is  inadequate 
[1]. 

A multi-layer  fluid  model  has  been  investigated  in 
order  to  explain  certain  measured  values  of  normal 
impedance,  i.e.  consistently  positive  imaginary  parts 
of  the  surface  normal  impedance  (using  the  con- 
vention that  a negative  imaginary  part  of  impedance 
represents  a stiffness  reactance). 

The  model  consists  of  a top  layer  (0.05  m)  of  sand 
backed  by  a semi-infinite  layer  of  finite  impedance 
(clay).  Although  the  layered  model  has  not  yet 
yielded  precise  quantitative  agreement  with  experi- 
ment due  to  lack  of  data  of  the  physical  characteris- 
tics of  the  ground,  it  does  explain  certain  qualitative 
features. 

Semi-Infinite  Porous  Medium  or  Finite  Porous 
Layer  Models 

An  alternative  explanation  of  the  observed  values  of 
imaginary  part  of  impedance  would  follow  from 
a porous  semi-infinite  model  of  the  ground  surface 
since  this  implies  an  acoustic  density  pi  = d -t-  ie 
which  is  complex.  Hence 
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a)(d  + ie)(a  - ib) 
p,c,  = r— ; 


w[ad  + eb  + i(ae  - bd)] 
a’  +b’ 

The  imaginary  part  Im  p,ci  would  change  sign  where 
bd  > ae.  Typically  for  a porous  fibrous  absorbent 
a and  b have  similar  magnitudes  at  low  frequencies 
while  e is  small. 

The  physical  meaning  of  a complex  density  has  not 
been  made  clear  in  the  literature.  The  concept  of  a 
complex  density  was  first  justified  pnysically  with 
reference  to  the  conceptual  model  of  a capillary 
pore  medium.  For  such  a model  it  is  attributed  to 
the  change  in  inertia  of.  and  the  frictional  drag 
suffered  by,  the  air  as  it  moves  through  the  pores 
The  complex  density  is  intended  also  to  include 
inertial  effects  due  to  movement  of  the  fibres  and 
the  orientation  of  the  pores. 

A porous  medium  with  a rigid  frame  and  pores  that 
do  not  interconnect  in  directions  parallel  to  its  sur- 
face will  be  locally  reacting  by  definition.  A semi- 
infinite rigid -framed  porous  model  does  not  ade- 
quately explain  the  form  of  the  normal  impedance 
vs.  frequency  plot  of  some  measured  values  of  normal 
impedance  [21).  It  has  been  suggested  that  a semi- 
infinite flexible  porous  model  might  be  adequate. 
A calculation  based  upon  a model  with  an  expon- 
entially decaying  porosity  with  depth  (but  a rigid 
frame)  seems  to  give  the  best  fit  to  experimental 
results  for  grass-covered  ground  (below  1 kHz) 
[21] . Although  it  seems  likely  that  the  compression 
arxl  compaction  of  the  ground  will  increase  with 
depth  there  is  no  data  available  as  yet  to  justify  this 
assumption. 

The  conclusions  in  reference  21  with  regard  to  the 
various  possible  models  for  the  ground  surface  are 
based  exclusively  on  the  NRC  ground  impedance 
data  (Figure  2)  and  hence,  are  relevant  essentially 
to  "institutional"  grass.  This  is  true  also  of  reference 
20  where  good  agreement  between  the  NRC  data 
and  the  predictions  of  a power  law  relationship 
between  impedance  and  flow  resistance  (based  upon 
data  for  fibrous  absorbents)  is  found.  These  results 
have  been  supported  recently  by  measurements  over 


a university  band  field.  However,  other  measurements 
made  over  grass  and  clay  and  the  forest  floor  [1) 
give  rather  different  forms  for  the  frequency  depen- 
dence of  ground  impedance  (Figure  3).  Indeed,  the 
pronounced  flattening  of  the  resistive  component 
at  low  frequencies  [1)  is  precisely  the  effect  pre- 
diaed  [21]  for  the  rigidly-backed  px>rous  layer 
model.  In  reference  21  the  idea  of  ntodeling  the 
ground  surface  as  a rigid-framed  porous  layer  with  a 
rigid  backing  is  dismissed.  However,  reference  11 
uses  exactly  this  approach.  It  is  found  possible  to 
model  the  rigid-framed  porous  layer  with  four  real 
constant  parameters  which  are  related  to  the  real 
and  imaginary  parts  of  the  effective  compressibility, 
the  porosity,  the  dynamic  density  of  air  in  the 
pores  and  the  thickness  of  the  layer.  It  is  accepted 
that  some  of  these  "constants"  may  be  frequency 
dependent  and  no  method  of  measuring  or  calculating 
these  "constants"  directly  from  knowledge  of  the 
physical  and  structural  nature  of  the  grouixl  surface 
is  offered.  Instead,  reliance  is  placed  on  an  indi- 
rect phenomenological  (trial-and-error)  method.  The 
source  and  receiver  are  located  close  to  the  ground 
surface  and  a relatively  small  distance  apart  and  the 
excess  attenuation  spectrum  is  measured.  Reasonable 
values  of  the  parameters  are  then  tried  in  a theory 
of  propagation  above  a locally  reacting  boundary 
[10]  by  computer  iteration  until  satisfactory  agree- 
ment between  calculated  and  measured  plots  is 
obtained.  The  corresponding  best  fit  values  of  the 
parameters  can  then  be  used  to  predict  excess  atten- 
uation over  longer  distances.  It  is  concluded  that  the 
locally  reacting  propagation  constants  of  both  the 
airborne  wave  and  the  structure-borne  wave  in 
flexible  porous  absorbents  are  critical  in  determining 
whether  or  not  the  absorbent  is  locally  reacting. 
Local  reaction  will  be  a successful  approximation 
only  if  the  energy  content  of  the  struaure-borne 
wave  is  small.  This  has  been  shown  to  be  the  case 
in  certain  fibrous  absorbents  [27] . However,  there 
is  little  evidence  in  the  literature  of  measurements 
of  propagation  constants  in  typical  ground  media 
as  a result  of  airborne  excitation. 


CONCLUSIONS 

The  refinements  to  the  theory  of  spherical  sound 
propagation  above  an  absorbing  boundary  made 
during  the  last  few  years  have  made  it  possible  to 
predict  dB(A)  attenuations  of  traffic  noise  over 


11 


! 


I' 


certain  ground  cover  almost  exaaly.  With  improve- 
ments in  traffic  rtoise  legislation,  however,  more 
detailed  (spectrally)  emission  limits  are  likely  to  be 
wt  using  more  sophisticated  noise  units  as  are  al- 
ready used  for  other  types  of  noise  source  (aircraft, 
industry)  and  will  require  more  exact  predictions  of 
the  acoustic  filtering  due  to  ground  cover.  In  this 
event,  the  current  situation  is  unsatisfactory.  Most 
of  the  solutions  currently  available  require  extensive 
approximations  in  order  to  permit  numerical  evalua- 
tion. Furtherrrxjre,  the  physical  basis  for  them  is 
not  yet  completely  or  satisfaaorily  expounded. 
Finally,  it  should  be  noted  that  the  role  of  any 
structure-borne  (frame)  wave  or  sideways  pore 
connections  in  the  ground  have  not  yet  been  explored 
and  their  influence  on  the  prevalent  and  questionable 
local  reaction  assumption  has  not  been  checked. 
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LITERATURE  REVIEW 


The  monthly  Literature  Review,  a subjective  critique  and  summary  of  the  litera- 
ture, consists  of  two  to  four  review  articles  each  month,  3,000  to  4,000  words  in 
length.  The  purpose  of  this  section  is  to  present  a "digest"  of  literature  over  a 
period  of  three  years.  Planned  by  the  Technical  Editor,  this  section  provides  the 
DIGEST  reader  with  up-to-date  insights  into  current  technology  in  more  than 
150  topic  areas.  Review  articles  include  technical  information  from  articles,  reports, 
and  unpublished  proceedings.  Each  article  also  contains  a minor  tutorial  of  the 
technical  area  under  discussion,  a survey  and  evaluation  of  the  new  literature,  pnd 
recommendations.  Review  articles  are  written  by  experts  in  the  shock  and  vibrption 
field. 

Recent  research  on  the  dynamic  response  of  fluid-filled  shells  is  reviewed  by  Pro- 
fessor DiMaggio  of  Columbia  University.  Papers  considering  gravity  effeas  or 
fluid  flow  are  not  reviewed. 

The  series  of  review  articles  on  seismic  waves  by  Dr.  De  continues  with  a descrip- 
tion of  mathematical  methods. 
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RECENT  RESEARCH  ON  THE  DYNAMIC  RESPONSE  OF  FLUID-FILLED  SHELLS 


F.L.  DiMMggio* 


Abstract  ■ This  article  reviews  papers,  published 
between  1975  and  1978,  involving  the  dynamic 
response  of  fluid-filled  shells.  Papers  considering 
gravity  effects  or  fluid  flow  are  not  reviewed. 

In  an  earlier  paper  [1 J , the  problems  of  steady  state 
and  transient  responses  of  fluid-filled  shells  were 
formulated  and  discussed,  and  publications  involving 
analytical  investigations  were  reviewed.  The  present 
article  reviews  investigations  published  from  1975 
1977  Studies  involving  gravity  effects  on  free  fluid 
surfaces  (e  g.,  sloshing  problems)  and  those  involving 
motion  of  either  the  fluid  or  container  are  excluded. 
No  claim  is  made  of  definitive  coverage,  but  the 
references  cited  and  the  bibliographies  included  with- 
in them  include  most  of  the  important  contributions. 

CYLINDRICAL  SHELLS 

Investigations  of  the  propagation  of  waves  in  cylin- 
drical tubes  have  been  motivated  by  possible  ap- 
plications to  arterial  blood  flow,  acoustic  delay  lines, 
and  water  hammer  in  pipes. 

Two  major  studies  have  been  concerned  with  small 
amplitude  steady-state  axisymmetric  waves  in  infinite 
circular  cylindrical  shells.  Scarton  and  Rouleau  [2] 
used  the  method  of  eigenvalleys  to  calculate  the 
first  32  fluid  modes  and  plotted  dispersion  curves 
for  the  case  of  a rigid  tube  containing  a viscous, 
compressible  fluid.  This  excellent  paper  also  reports 
the  discovery  of  backward  propagating  waves;  bound- 
aries between  low,  high,  and  intermediate  frequen- 
cies, and  a new  type  of  boundary  layer. 

An  equally  impressive  study  for  thin  viscoelastic 
tubes  of  constant  thickness  containing  a compres- 
sible viscous  fluid  is  that  of  Rubinow  and  Keller 
(31  It  is  an  extension  of  an  earlier  paper  concerned 
primarily  with  an  inviscid  fluid  [4]  The  dispersion 
equation  relating  the  propagation  constant  k to  the 
angular  frequency  u)  was  solved  using  analytical 
ahd  numerical  methods  [31 . Asymptotic  formulas 
‘ProfMior  and  Chairman,  Dapt.  of  Civil  Enginaaring  and 
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for  k(a})  were  obtained  for  both  low  and  high  fre- 
quencies. Numerical  values  for  intermediate  fre- 
quencies were  plotted  as  dispersion  curves  for  mate- 
rial parameters  that  characterize  arterial  blood  flow. 
Extensive  asymptotic  results  are  presented  for  the 
special  case  of  a rigid  tube.  The  authors  point  out 
the  the  root 

k = (iaw)''^’  (1) 

introduced  by  Scarton  and  Rouleau  (2)  is  false. 

a = (1-0*)  (2) 

P Pi 

E is  Young's  modulus,  p the  shear  viscosity  coef- 
ficient, pQ  the  fluid  density,  pi  the  shell  density, 
and  o Poisson's  ratio.  In  addition,  they  found  a 
previously  unknown  root,  denoted  by  k -,  for  an 
elastic  shell.  The  root  is  proportional  to  co  at  low 
frequencies.  They  also  showed  that  a nonuniformity 
exists  in  the  dependence  of  the  phase  velocities 
of  the  propagating  modes  on  p and  u at  /i  * 0, 
cj  = 0. 

Barclay,  Moodie,  and  Haddow  [5]  studied  the 
response  of  fluid  in  a semi-infinite  tube,  the  circular 
cross-sectional  area  of  which  varied  with  length 
according  to  either  an  exponential  or  power  law. 
The  tube  was  filled  with  an  inviscid  incompressible 
liquid,  and  a disturbance  was  present  at  one  end. 
The  use  of  a one-dimensional  approximation  for  the 
fluid  equations  means  that  the  shell  response  is  not 
coupled  to  that  of  the  fluid.  Thus,  insofar  as  the 
fluid  motion  is  concerned,  the  tube  does  nothing 
more  than  provide  the  geometry,  as  would  a rigid 
tube.  When  the  disturbance  is  an  oscillatory  func- 
tion, a high-frequency  expansion  is  assumed.  For 
a Heaviside  disturbance,  expansion  in  the  form  of 
a progressive  wave  is  chosen.  The  numerically  exao 
solutions  and  asymptotic  expansions  were  com- 
pared. 

The  design  of  such  internal  reactor  system  com- 
ponents as  shrouds  and  thermal  liners  must  provide 
for  vibrations  induced  by  fluid  flow.  This  need  has 
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ted  to  a series  of  studies  involving  infinitely  long 
pairs  of  coaxial  circular  cylindrical  shells  separated 
by  a fluid.  Stokes  16]  determined  the  fluid  virtual 
mass  - also  referred  to  as  added  mass  or  entrained 
mass  --  for  a rigid  cylinder  translating  within  a rigid 
cylinder  with  incompressible  liquid  between  them. 

Chen,  Wambsganss,  and  Jendrzejezyk  (7)  solved  the 
problem  of  the  damped  harmonic  oscillations  of  a 
rigid  rod  in  a rigid  shell  separated  by  an  incom- 
pressible linear  viscous  fluid.  They  obtained  closed 
form  solutions  for  the  virtual  mass  and  damping 
factors  that  represent  the  effect  of  the  fluid  on  the 
vibrating  rod. 

The  frequency-dependent  virtual  mass  effea  for 
prescribed  non-axisymmetric  harmonic  motion  of 
an  infinite  cylindrical  surface  inside  a rigid  cylindri- 
cal surface  separated  by  a compressible,  inviscid 
fluid,  obtained  earlier  in  closed  form  (81 , has  been 
rederived  [9] . Yeh  and  Chen  [10]  considered  two 
elastic  shells  (governed  by  Flugge's  equations)  sep- 
arated by  a viscous  fluid,  thus  generalizing  an  earlier 
paper  [11],  in  which  an  inviscid  fluid  was  assumed. 
They  presented  [10]  numerical  resu^.  *or  the  added 
mass  and  damping  effect  for  an  incor...  essible  fluid. 

Self-  and  mutual-added  mass  coefficients  for  a group 
of  (parallel)  rigid  circular  cylinders  in  a rigid  cir- 
cular cylindrical  channel  containing  an  inviscid, 
incompressible  fluid  have  been  obtained  [12,  13]. 
The  introduction  of  a finite  element  procedure 
allowed  the  consideration  of  noncircular  geometries 
(131. 

The  axisymmetric  response  to  a ring  load  traveling 
axially  at  a constant  speed  has  been  studied  for 
an  elastic,  infinite,  circular  cylindrical  shell  filled 
with  an  inviscid  linearly  compressible  fluid  [141. 
The  effects  of  shear  and  rotatory  inertia  were  in- 
cluded in  the  shell  equations.  Extensive  numerical 
results  confirmed  that,  as  the  speed  of  the  load 
increased,  the  effect  of  the  internal  fluid  became 
more  significant. 

An  interesting  application  has  to  do  with  coaxial 
cylindrical  shells  of  finite  length  that  represent 
the  lower  part  of  a nuclear  reactor  containment 
vessel  (see  Fig.  1).  Water,  assumed  to  be  linearly 
compressible,  occupies  the  space  between  a com- 
paratively rigid  pedestal  and  a linearly  elastic  thin 


steel  shell  stiffened  with  elastic  steel  T-beams.  Di- 
Maggio,  Bleich,  and  McCormick  [15]  studied  the 
dynamic  response  of  this  model  to  the  axisymmetric 
cylindrical  pressure  pulse  exerted  on  the  outer  shell 
wall  when  all  discharge  pipe  valves  were  released. 
Bending  moments  and  shears  along  the  outer  shell 
wall  caused  by  these  pulses  had  the  spatial  and 
temporal  variations  shown  in  Figures  1 and  2 re- 
spectively. 


Figure  1.  Model  of  Containment  Vessel  and  Variation 
of  Incident  Pressure  with  Depth 

Most  studies  of  head  injury  have  been  based  on 
spherical  and  spheroidal  shells.  Liu  and  Chandran 
[16],  however,  used  a rigid,  finite  cylindrical  con- 
tainer to  model  the  skull.  They  simulated  the  brain 
as  a compressible,  inviscid,  fluid,  and  attached  a 
spring  and  dashpot  externally  to  the  container  to 
account  for  hair,  skin,  and  a helmet.  Numerical 
results  were  based  on  an  infinite  series  solution  for 
the  impact  of  this  model  on  a rigid  wall. 

SPHERICAL  SHELLS 

The  papers  on  fluid-filled  spherical  shells  that  have 
come  to  this  reviewer’s  attention  during  the  past 
three  years  appear  to  be  part  of  a continuing  re- 
search effort  to  establish  mechanical  models  for 
s<ull  and  brain  injuries  to  the  human  head  [1]. 

A closed  for  solution  for  the  potential  functions 
governing  the  response  of  an  incompressible  elastic 
medium  in  a rigid  spherical  shell  subjected  to  an 
acceleration  in  the  form  of  a Dirac  delta  function 
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Figure  2.  Time  History  of  Incident  Pressure  P|  (z,  t) 


has  been  obtained  117).  Numerical  solutions,  using 
finite  difference  techniques,  have  also  been  pub- 
lished for  the  case  of  a Maxwell  fluid  subjected  to 
translational  and  rotational  acceleration  of  its  rigid 
spherical  container  [18]  and  of  only  angular  ac- 
celeration with  a Kelvin  material  modeling  the 
brain  [19] . 

Akkas  [20]  considered  a thin,  elastic,  three-layered 
shell  filled  with  an  inviscid  compressible  fluid.  A 
finite  difference  scheme  was  used  to  determine  the 
shell  stresses  and  fluid  pressures  for  an  axisymmetric 
impact.  Numerical  results  have  been  presented 
for  loading  with  spatial  and  temporal  variation 
previously  used  [21] . 

An  approximate  solution  for  a hemispherical  rigid 
shell  having  a flat  bottom  filled  with  a viscoelastic 
fluid  (satisfying  the  Navier-Stokes  equations)  arxl 
subjected  to  a sudden  rotation  has  been  published 
by  Ljung  [221 . He  first  obtained  the  solution  for 
an  infinite  cylirtdrical  shell  and  a semi  infinite  cylin- 
drical shell  with  a flat  erxJ  and  determined  the  effect 
of  the  flat  bottom.  He  then  applied  a similar  correc- 
tion to  his  results  for  a spherical  shell. 


SPHEROIDAL  SHELLS 


Rand  and  DiMaggio  [23]  obtained  frequency  spectra 
for  elastic  prolate  spheroidal  shells  filled  with  an 
inviscid,  linearly  compressible  liquid;  flexural  effects 
in  the  shell  were  neglected.  Lee  and  DiMaggio  [24] 
have  generalized  these  results  by  including  the  effects 
of  bending.  Figure  3 is  a comparison  of  the  new 
spectra  with  those  obtained  previously.  As  has  been 
discussed  [1] , the  inclusion  of  bending  affects  only 
the  lowest  branch,  involving  essentially  radial  motion, 
by  eliminating  the  unrealistic  cut-off  frequency 
predicted  by  membrane  shell  theory.  The  symbols 
in  Figure  3 have  been  defined  [24];  their  values 
are  charaaeristic  of  a human  skull  and  brain. 


The  transient  response  of  an  extensional  elastic 
piolate  spheroidal  shell  filled  with  an  inviscid  com- 
pressible fluid  to  a uniformly  distributed  Heaviside 
Pressure  pulse  has  been  studied  [25].  The  results 
have  been  generalized  by  considering  the  response 
of  thick  shells  of  viscoelastic  material  to  excita- 
tions having  various  time  histories  [26] . 


17 


DIMENSIONLESS  FREQUENCY,  wl/c. 


32 


Mode  Shapes  and  Dispersion  by  the  Method  of 
Eigenvalleys,"  J.  Fluid  Mech.,  Pt.  3,  pp  595- 
621  (1973). 


3.  Rubinow,  S.l.  and  Keller,  J.B.,  "Wave  Propaga- 
tion in  a Visco-Elastic  Tube  Containing  a Vis- 
cous Fluid,"  J.  Fluid  Mechanics  (accepted  for 
publ.). 

4.  Rubinow,  S.l.  and  Keller,  J.9.,  "Wave  Propaga- 
tion in  a Fluid-Filled  Tube,"  J.  Acoust.  Soc. 
Amer.,^,  pp  198-223  (1971). 

5.  Barklay,  D.W.,  Moodie,  T.B.,  and  Haddow,  J.B., 
"Waves  in  Thin-Walled,  Nonuniform,  Perfectly 
Elastic  Tubes  Containing  Incompressible,  In- 
viscid  Fluid,"  J.  Acoust.  Soc.  Amer.,  62  (1 ), 
pp  1-7  (July  1977). 

6.  Stokes,  G.G.,  "On  Some  Cases  of  Fluid  Motion," 
Proc.  Cambridge  Philosoph.  Soc.,  p 105 
(1943). 

7.  Chen,  S.C.,  Wambsganss,  M.W.,  and  Jendrzej- 
czyk,  J.A.,  "Added  Mass  and  Damping  of  a 
Vibrating  Rod  in  Confined  Viscous  Fluids," 
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Figure  3.  Frequency  Spectra  for  Fluid-Filled 
Spheroidal  Shells  with  v 0.3, 
c,/c  > 1 .0698,  and  h/C  > 0.025 


8.  Mnev,  E.N.,  "Small  Vibrations  of  a Circular 
Cylindrical  Shell  Immersed  in  a Limited  Space 
Filled  with  a Compressible  Fluid,"  Prikladnaya 
Mekhanika,  11,p  133  (1963). 


MISCELLANEOUS 


A formulation  of  the  theory  for  the  large  deforma- 
tion of  fluid-filled  membranes  of  revolution  has 
been  presented  by  Engin  [27] . 
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ON  SEISMIC  WAVES 
PART  m^MATHEMATICAL  METHODS 

S.D«« 


Abstract  ■ The  frequency  equations  for  the  Rayleigh 
and  Love  waves  in  various  models  of  the  earth  ~ from 
a sirtgle  half-space  to  multilayered  semi-infinite 
media  - are  well  known.  Some  of  the  layers  are 
considered  to  be  heterogeneous  or  anisotropic.  Be- 
cause suitable  solutions  for  the  equations  of  motion 
for  most  cases  of  lateral  nonhomogeneity  are  not 
possible,  the  principle  of  constructive  interfererKe 
associated  with  the  ray  theory  is  used  to  derive  the 
frequetKy  equation.  The  Thomson- Haskell  matrix 
method  has  been  applied  to  multilayered  media. 
This  article  and  the  last  article  in  the  series  describe 
various  mathematical  methods  used  to  study  seismic 
waves. 

In  1934,  Jeffreys  (1]  attempted  to  determine  Love 
and  Rayleigh  wave  dispersion  curves  for  media  with 
vertical  heterogeneity;  he  used  Rayleigh's  principle 
to  obtain  approximate  results.  M 1961,  he  showed 
that  Rayleigh's  principle  can  be  used  to  derive  small 
corrections  in  the  theory  of  surface  waves  [1]. 

Rayleigh  used  the  variational  method  to  estimate 
eigenvalues  - particularly  the  periods  of  normal 
modes  or  oscillation  of  a bounded  vibrating  system. 
During  the  past  20  years,  theorems  relating  to  vectors 
in  Hilbert  space  have  been  used  in  variational  prob- 
lems for  estimating  such  quantities  as  the  trans- 
mission coefficients  for  diffracted  or  scattered  waves. 

Methods  that  Utilize  Rayleigh  Waves 

The  propagation  of  Rayleigh  waves  over  the  free 
surface  of  nonhomogeneous  semi-infinite  medium 
in  which  density  and  elastic  parameters  are  functions 
of  depth  has  been  considered  [2,  3] . The  loci  that 
govern  the  limits  to  which  a Rayleigh  wave  can 
penetrate  a half-space  have  also  been  examined  [4] . 
Both  interior  and  surface  sources  were  considered. 

The  frequency  equation  for  Love  waves  in  a homo- 
geneous layer  overlying  a vertical  heterogeneous 
semi-infinite  medium  has  been  described  [5] . A 
method  for  determining  all  vertical  nonhomoge- 
neities  for  which  the  SH-wave  equation  can  be 
*Old  Enginatring  Offic*  (Qnl,  Santinikatan,  Birbhum, 
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solved  in  terms  of  standard  transcendental  functions 
has  been  described  [6] . The  frequency  equation  for 
SH-wave  propagation  in  an  anisotropic,  nonhomo- 
geneous, layered  stratum  lying  between  two  isotropic, 
homogeneous  half-spaces  has  been  derived  using  the 
Thomson-Haskall  matrix  method  [7] . 

Love  wave  propagation  in  a transversely  isotropic 
nonhomogeneous  medium  has  also  been  studied  by 
defining  elastic  parameters  in  the  equivalent  iso- 
tropic case  [8] . The  effea  of  anisotropy  on  the 
cut-off  frequency  of  Love-wave  clustering  has  also 
been  considered  [9] . The  propagation  of  Love  waves 
has  been  based  on  finite  strain  theory  [10] . Primary 
Love  waves  were  associated  with  secondary  Rayleigh 
waves  and  tertiary  Love  waves. 

The  principle  of  construaive  interferertce  has  been 
used  to  derive  the  frequency  equation  of  Love 
waves  propagating  in  an  elastic  layer  overlyirtg  a 
semi-infinite  elastic  medium  [5,  11,  12] . The  equiva- 
lence between  the  acoustic  waves  in  a fluid  layer 
and  the  SH  waves  in  a solid  layer  over  a rigid  half- 
space was  also  studied  [12]. 

Finite  deformation  theory  was  used  to  show  [13] 
that  the  propagation  of  primary  Rayleigh  waves  is 
accompanied  by  the  propagation  of  secondary  Ray- 
leigh waves  with  half  the  wavelength  and  period  of 
the  primary  one.  The  amplitude  of  the  secondary 
wave  is  small  compared  to  that  of  the  primary  one. 
A simple  numerical  method  has  been  developed 
[14]  to  analyze  generalized  Rayleigh  waves  in  multi- 
layered elastic  media.  The  method  avoids  displace- 
ment potentials  and  leads  to  a simple  eigenvelue 
problem  that  can  be  solved  with  computer  codes. 

The  outerlayer  of  the  earth  contained  several  regiorts: 
oceanic,  continental,  ridge,  and  arc.  The  multiple 
regression  method  has  been  applied  [15]  to  great- 
circle  Rayleigh-wave  data  to  obtain  the  dispersion 
charaaeristics  of  each  region.  Meesurement  of 
phase  and  group  velocities  for  two  paths  circling  the 
earth  have  been  given  [16].  p values  for  Rayleigh 


waves  with  periods  trom  15  to  50  sec  have  been 
determined  from  frequency-averaged  spectral  den- 
sities obtained  at  pairs  of  stations  along  great  circle 
paths  [171.  Isolated  Rayleigh  waves  R3,  R5,  or 
R7  from  the  Rat  Island  earthquake  of  February  4, 
1965,  were  used  to  investigate  the  variation  of 
ellipticity  as  a result  of  path  differences  [18] . 

A finite  difference  iterative  formulation,  applied 
successfully  to  acoustic  surface  wave  scattering  in 
homogeneous,  layered-isotropic,  and  nonlinear  media 
was  extended  to  Rayleigh  mode  propagation  in  ani- 
sotropic materials  [19],  Rayleigh  waves  on  elastic 
crystals  have  been  considered  [20] . The  equation 
for  unattenuated  Rayleigh  waves  traveling  on  a free 
surface  of  an  anisotropic  elastic  half-space  could 
always  be  reduced  to  one  purely  real  equation.  It 
was  also  shown  that  surface  waves  are  impwssible 
on  a fixed  boundary 

The  finite  element  method  in  two  dimensions  was 
modified  to  study  Rayleigh  waves  in  an  oceanic 
model  [21).  It  is  necessary  to  determine  horizontal 
displacements  within  finite  elements  of  water  from 
vertical  displacements  and  the  condition  of  irrota- 
tional  motion.  The  finite  element  method  leads  to 
a discontinuity  in  horizontal  displacement  at  the 
ocean  bottom.  Phase  velocities  of  Rayleigh  waves 
calculated  by  the  method  of  Haskall  and  Dorman 
were  within  0.2  percent  of  those  measured  by  a 
seismometer  on  the  bottom  of  the  Pacific  Ocean. 
The  finite  element  method  can  also  be  used  to  cal- 
culate the  variation  with  depth  of  the  horizontal 
and  vertical  amplitudes  of  Rayleigh  modes. 

Rykunov  [22]  studied  the  propagation  of  Rayleigh 
waves,  given  a layer  the  thickness  of  which  changes 
abruptly.  He  also  studied  the  characteristics  of  the 
Rayleigh-wave  field  in  a half-space  containing  a 
disturbance  in  the  form  of  a vertical  slit  arKl  the 
effea  on  the  Rayleigh-wave  field  of  topographic 
characteristics  of  the  free  boundary. 

Basic  equations  for  the  theory  of  Rayleigh  waves 
traveling  through  the  shallow  layers  of  a homoge- 
neous and  isotropic  half-space  have  been  presented 

[23]  . The  variational  theory  of  perturbations  of 
eigenvalues,  or  phase  velocity,  was  briefly  considered 

[24]  . A procedure  for  simplifying  computation 
was  given  for  perturbations  of  group  velocity,  or 
spectral  amplitude  The  theory  and  experiments 
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pertaining  to  the  propagation  of  Rayleigh  waves 
along  perturbed  boundaries  have  been  considered 

[25] . The  effect  of  a layer  on  surface  wave  prop- 
agation on  a half-space  has  also  been  studied  [26] . 

Waves  at  the  interface  of  two  isotropic  solid  half- 
spaces subject  to  stress  and  displacement  have  been 
studied  [27,  28] . Calculations  for  waves  at  the 
interface  of  two  anisotropic  media  - namely,  two 
crystalline  half-spaces  in  cubic  symmetry  but  with 
different  orientations  - have  been  given  [29] . The 
results  irxficated  that  many  geometrical  dispositions 
allow  propagation  of  a generalized  Stoneley  wave. 
The  interface  chosen  is  a (0,  0,  1)  plane  for  each 
crystal;  waves  either  have  a real  phase  velocity  of 
travel  slowly  along  an  arbitrary  directiV.  in  the 
interface  of  angles  of  0i  and  0j  to  the  (1,  0,  0) 
axes  of  the  crystals.  The  angles  between  the  two 
(1 , 0, 0)  axes  are  0|  and  02 . 

The  magnetoelastic  surface  waves  particularly  Ray- 
leigh, Love,  and  Stoneley  waves,  in  an  initially 
stressed  conducting  medium  have  been  considered 
[30] . The  Thomson  and  Haskel  matrix  method  has 
been  used  to  obtain  the  dispersion  relation  for 
generalized  surface  waves  in  multilayered  rnedia; 
the  layers  can  be  either  isotropic  or  anisotropic 
[31  ] . Experimentally  determined  Rayleigh-wave 
dispersion  curves  for  group  velocity  have  been  given 
for  five  po...ts  [32] . 

The  existence  of  Rayleigh  waves  in  an  anisotropic 
elastic  semi-space  has  been  investigated  [33] . John- 
son [34]  considered  wave  propiq^tion  along  a plane 
of  symmetry  in  an  anisotropic  medium.  (The  maxi- 
mum number  of  independent  elastic  constants  was 
therefore  reduced  from  21  to  13.)  Stoneley  waves 
at  solid-solid  interfaces  are  possible  only  for  certain 
elastic  constants  and  density  parameters.  Regions 
in  which  waves  might  occur  were  calculated  for 
waves  traveling  in  various  directions  and  for  media 
with  cubic,  orthorhombic,  and  monoclinic  sym- 
metries; these  regions  in  anisotropic  media  were 
similar  to  those  calculated  by  Scholte  [35]  for 
isotropic  media.  For  certain  elastic  constants,  the 
region  from  one  direction  of  wave  propagation  to 
another  varied  greatly.  The  phase  velocities  of  various 
waves  - solid-solid  Stoneley  waves,  liquid-solid 
Stoneley  waves,  and  Rayleigh  waves  - were  cal- 
culated for  the  three  symnrtetries  as  a function  of  the 
direction  of  wave  propagation  for  specific  substances 
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[36,  371 . 

The  propagation  of  Rayleigh  waves  along  a trac- 
tion-free surface  of  a semi-infinite  anisotropic  elastic 
body,  has  been  applied  to  interfacial  waves  in  an 
infinite  body  composed  of  two  anisotropic  elastic 
half-spaces  welded  together.  An  appropriate  equation 
was  constructed  directly  from  complex  vectors 
provided  by  the  analysis  of  free  Rayleigh  waves  in 
the  constituent  half-spaces.  This  equation  was  re- 
duced to  a single  real  relation,  confirming  that 
Stoneley  waves,  when  they  exist  are  not  confined 
to  discrete  directions  of  propagation. 

Long-period  Love  waves  in  a medium  consisting  of 
layers  of  various  thickness  have  been  discussed 
[381 . The  excitation  of  Love  waves  with  a period 
of  100  sec  has  been  studied  as  a funaion  of  mag- 
nitude in  the  earth's  mantle  [391 . The  spectral 
densities  of  153  measurements  of  Love  waves  during 
earthquakes  since  1930  ranged  from  6.0  to  8.9; 
they  were  used  to  determine  an  excitation  curve. 
Fundamental-nrode  Love  and  Rayleigh-wave  dis- 
persion computations  for  multilayered,  perfectly- 
elastic  media  have  been  studied  [401 . 

The  continuum  theory  has  been  used  [41 1 to  study 
surface  wave  propagations  in  layered  media.  Exact 
dispersion  curves  were  also  worked  out  for  a relative- 
ly simple  laminated  medium.  The  continuum  theory 
was  also  used  to  study  Rayleigh-wave  dispersion 
on  a laminated  half-space  for  which  exact  disper- 
sion equations  cannot  be  obtained. 

Conditions  for  experimental  studies  of  seismic 
waves  have  included  a medium  in  which  wave  velocity 
increased  slightly  with  depth  and  heterogeneities 
caused  small  velocity  changes  [421 . The  phase 
velocity  dispersion  curve  was  complicated.  The 
correlation  between  this  curve  and  various  harmonies 
of  the  inverse  square  of  layer  velocity  was  analyzed. 

A finite  element  technique  has  been  developed  [431 
to  study  the  propagation  of  Rayleigh  and  Love  waves 
across  two-dimensional  nonhorizontally-layered  me- 
dia. A layered  model  with  lateral  nonhomogeneity 
was  constructed  [441  for  the  Himalayan  region 
where,  according  to  plate  theory,  a mobile  continent 
collides  with  a relatively  stationary  crustal  block. 
Love-wave  dispersion  characteristics  of  such  a model 
were  evaluated  using  the  ray-theory.  A variational 


principle  for  Love  waves  --  especially  those  with  a 
long  period  - propagating  in  a layer  of  variable 
thickness  overlying  a half-space  has  been  formulated 
[451 . An  averaging  procedure  was  used  to  determine 
the  wave  modulation  due  to  the  gradual  variation 
in  thickness.  The  wave  number  and  amplitude  modu- 
lation for  both  a monochromatic  wave  and  a transient 
wave  train  due  to  an  impulsive  source  were  also 
determined. 

The  possibility  that  Love  waves  can  propagate  in  an 
electrostrictive  dielectric  medium  has  been  inves- 
tigated [461 . Such  waves  can  propagate,  but  the 
electric  surface  potential  has  some  effects.  Love 
and  Rayleigh  surface  waves  were  studied  using  large- 
base  quartz  extensometers  [471 . Group  velocities 
of  both  Rayleigh  and  Love  waves  with  periods  from 
30  to  150  sec  have  been  accurately  determined  by 
band-pass  filtering  and  group-delay  time  methods. 
Rayleigh  waves  in  an  elastic  medium  with  two  hori- 
zontal layers  overlying  a semi-infinite  elastic  medium 
above  which  lies  a liquid  layer  have  been  discussed 
[481. 

Extremely  rapid  changes  in  Love-wave  velocity  have 
been  observed  in  some  tectonic  areas.  Two  non- 
uniform  channels  with  exponential  velocity  and 
variable  rigidity  in  vertical  and  lateral  directions 
were  used  to  consider  Love-wave  disperison  charac- 
teristics in  such  areas  [491 . 

Analysis  of  a sum  of  13  auto-correlograms  of  hori- 
zontal component  seismograms  have  predominantly 
transverse  motion  revealed  that  fundamental-mode 
Love-wave  data  can  be  contaminated  by  higher 
torsional  modes  [501 . Phase  velocities  of  Rayleigh 
waves  have  been  measured  worldwide  for  waves  with 
periods  in  excess  of  160  sec  for  a number  of  pro- 
files and  many  geologic  structures  [51 1 . The  propa- 
gation of  such  waves  in  the  earth  has  been  inves- 
tigated for  waves  with  periods  ranging  from  60  to 
590  sec  [521 . 

The  influence  on  Love-wave  propagation  of  a dis- 
continuity at  a vertical  boundary  in  a medium  has 
been  considered  [531 . Two  surface  waveguides  were 
investigated,  and  interactions  between  Love  waves 
were  shown.  It  was  also  shown  that  earthquakes 
could  excite  the  first  higher  rrxsde  of  Love  surface 
waves  with  periods  ranging  from  30  to  90  sec;  the 
mode  could  travel  at  a group  velocity  comparable 
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to  that  of  the  fundamental  mode  [54] . These  results 
are  applicable  to  the  effea  of  multipath  interference 
of  two  waves  of  similar  mode  traveling  at  an  angle 
with  respect  to  each  other.  Propagation  of  Love 
waves  in  a multilayered  anisotropic  medium  with 
hexagonal  symmetry  has  been  studied  [55] . The 
dispersion  of  Love  waves  that  propagate  in  a later- 
ally heterogeneous  layer  lying  over  a homogeneous 
semi-infinite  medium  has  been  studied  using  con- 
structive interference  (5,  56] . The  dispersion  charac- 
teristics of  Love  waves  in  a transversely  isotropic 
and  laterally  nonhomogeneous  surface  layer  lying 
over  a homogeneous  half-space  was  also  considered 
using  constructive  interferences  [57] . The  propa- 
gation of  Love  and  Rayleigh  waves  along  an  approxi- 
mately north-south  section  of  the  San  Fernando 
Valley  has  been  studied  (581 , 

Dispersion  curves  for  leaking  nx)des  of  Love  waves 
have  been  computed  for  a single-layer  crust-mantle 
model  (591 , Group  velocities  well  below  the  Airy 
phase  of  normal  modes  were  determined.  No  phase 
velocities  occurred  between  the  velocity  of  the  half- 
space and  that  corresponding  to  the  Brewster  angle. 
The  Thomson-Haskell  matrix  method  was  used  to 
derive  the  following;  response  spectra  of  a multi- 
layered elastic  half-space  to  plane  body  waves, 
dispersion  equations  for  both  Rayleigh  and  Love 
waves,  relative  excitations  of  surface  waves  at  any 
depth,  and  particle  motion  conditions  for  Rayleigh 
waves  at  a free  surface  and  at  any  depth  [60] . 

The  influence  of  primary  stress  upon  the  propagation 
of  Love  waves  in  a welded  layer  and  half-space  was 
examined  by  the  theory  of  nonlinear  elasticity 
[61  ] . Multipath  propagation  of  Love  waves  was 
analysed  [62]  from  data  obtained  from  three  in- 
struments at  the  Large  Aperture  Seismic  Array 
(LASA).  In  most  cases,  the  propagation  paths  for 
both  Love  and  Rayleigh  waves  could  be  associated 
with  refractions  and  reflections  at  the  continental 
margins. 

A method  has  been  proposed  to  detect  one  Rayleigh 
wave  in  the  presence  of  the  coda  of  a larger  Rayleigh 
wave  [63]  The  quasi-linear  stress-strain  relations 
were  used  to  study  the  propagation  of  finite  Love 
waves  in  a heterogeneous  elastic  half-space  lying  over 
a homogeneous  elastic  half-space  [64] . SH-wave 
propagation  in  an  anisotropic  nonhomogeneous 
crustal  layer  lying  on  a yielding  and  rigid  Isotropic 


half-space  has  been  considered  [65] , as  has  the 
propagation  of  SH  waves  using  the  velocity  dis- 
tribution function  compatible  with  the  a«ual  dis- 
tribution of  shear-wave  velocity  inside  the  earth 
[66] . The  constants  involved  in  the  velocity  dis- 
tribution function  were  calculated  from  the  Guten- 
berg-Birch  model. 

A unique  root  corresponding  to  Rayleigh  exponential 
wave  was  obtained  for  a general  form  of  the  Ray- 
leigh equation  [67] . The  group  velocity  of  Rayleigh 
waves  for  ten  seisms  from  different  regions  has  been 
studied  experimentally  [68] . The  beginning  of  the 
recordings  show  two  predominant  groups  separated 
by  a minimal  amplitude.  A sharp  maximum  of  the 
energy  spectra  corresponds  to  a wavelength  near  the 
depth  accepted  for  the  low  velocity  layer. 

Crampin  [69]  reported  that  a phase  relationship 
between  vertical  and  transverse  horizontal  motions 
exists  for  second-mode  seismic  wave  trains  along 
n\any  paths  in  Eurasia;  such  relationships  are  not 
possible  with  elastic  waves  in  isotropic  layered  media. 
These  coupled,  or  generalized,  surface  wave  trains 
are  caused  by  an  anisotropic  layer  immediately 
beneath  the  crust.  Crampin  suggested  that  the  aniso- 
tropy results  from  an  orientation  of  crystalline 
mantle  material  by  oonveaion  currents.  Surface- 
wave  propagation  in  unlayered  and  multilayered 
anisotropic  media  was  examined  numerically  using 
an  extension  of  the  Thomson-Haskell  matrix  method 
[70] . Surface  wave  propagation  in  an  isotropic  earth 
model  containing  an  anisotropic  layer  in  the  upper 
mantle  differed  little  from  propagation  in  a purely 
isotropic  model.  The  propagation  of  the  third  gener- 
alized mode,  corresponding  to  the  second  Rayleigh 
mode  in  isotropic  structures,  was  an  exception; 
particle  motion  in  this  mode  differed  considerably 
from  motion  in  isotropic  media.  Interesting  prob- 
lems regarding  surface  waves  have  been  studied 
[71-100,102]. 

It  has  been  reported  [103]  that  oceanic  surface 
waves  can  be  altered  by  low  rigidity  sediments 
along  the  propagation  path.  Love  and  Rayleigh  waves 
from  mid -Atlantic  ridge  earthquakes  are  so  affected. 
Thin  sediments  disperse  short-period  Love  waves. 
Sediments  thicker  than  X'mo  km  remove  energy  from 
surface  waves  having  periods  op  to  40  sec.  These 
sediments  also  alter  the  particle  motion  of  Rayleigh 
waves  and  complicate  the  dispersion  relationship. 
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Such  thick  sediments  substantially  reduce  the  phase 
velocity  ot  surface  waves  with  periods  exceeding  100 
sec  Some  problems  of  interest  regarding  wave  phe- 
nomena in  nonhomogeneous  media  have  appeared 
1104,1051. 

For  a given  direction  of  propagation  on  the  free  sur- 
face of  a half-infinite  anisotropic  crystal,  the  phase 
velocity  of  the  surface  wave  will  always  be  less  than 
the  limiting  velocity  except  when  the  bulk  wave  that 
defines  the  limiting  velocity  satisfies  the  condition 
of  a free  surface  [1061 

An  elastic  half-space  containing  a surface  obstacle 
with  elastic  constants  different  from  those  of  the 
half-space  and  only  slight  deviation  in  boundary 
shape  has  been  studied  [107] . A perturbation  meth- 
od and  a finite  difference  solution  were  combined 
to  calculate  the  motion  of  the  half-space  due  to  an 
impulsive  source.  Results  showed  that  Rayleigh  and 
reflected  waves  are  influenced  by  the  obstacle.  This 
property  could  be  used  to  screen  elastic  waves.  It 
is  known  that  small  variations  in  the  elastic  parame- 
ters of  a solid  cause  scattering  of  elastic  waves  and 
thus  a reduction  in  their  amplitudes.  The  attenuation 
coefficients  associated  with  reduction  in  amplitude 
have  been  calculated  for  surface  waves  [1081.  Ex- 
pressions have  been  derived  for  waves,  the  lengths 
of  which  are  long  compared  with  the  mean  wave- 
length of  those  whose  elastic  parameters  have  been 
varied  in  space.  The  attenuation  coefficients  were 
those  that  would  be  expected  if  the  attenuating 
mechanism  involved  viscoelasticity. 

The  radiation  of  Rayleigh  and  Love  waves  from  two 
different  horizontal  circular  sources  of  stress  has 
been  studied  [1091.  The  displacement  on  the  free 
surface  - deduced  from  the  equation  of  motion  and 
the  boundary  conditions  - was  integrated  over  a 
finite  radius  to  simulate  a disturbance  that  propagates 
with  a constant  finite  velocity.  An  explicit  expres- 
sion for  the  layer  matrix,  which  serves  as  the  basis 
for  calculating  spheroidal  oscillation  eigenvalues 
using  the  Thomson-Haskell  matrix  method  was 
obtained  by  an  analytical  inversion  of  the  charac- 
teristic matrix  fro  a spherical  homogeneous  layer 
[1101 . The  formulation  was  applied  to  an  interpre- 
tation of  the  observed  dispersion  of  Rayleigh  waves. 

In  stratified  piezoelectric  media  a pure  Rayleigh 
wave  with  displacements  in  the  Sagittal  plane  and 


pure  Love  waves  exist  for  certain  symmetry  condi- 
tions [1111.  If  the  sagittal  plane  is  a symmetry  plane, 
the  Rayleigh  wave  is  piezoelectrically  coupled  and 
the  Love  wave  is  not.  If  the  sagittal  plane  is  normal 
to  a binary  axis,  the  Love  wave  is  piezoelectrically 
coupled  and  the  Rayleigh  wave  is  not. 

The  propagation  of  waves  in  an  initially  stresseo 
magnetoelaslic  conducting  layer  has  been  rxinsidered 
[1121,  as  has  the  propagation  of  the  thermoelastic 
waves  in  an  infinite  transversely  isotropic  circular 
cylinder  [1131,  In  the  latter  study  the  theory  of 
thermoelasticity  was  used  to  account  for  the  inter- 
action between  the  field  of  displacement  and  tem- 
perature. The  propagation  of  small  amplitude  waves 
in  an  incompressible  elastic  medium  subjected  to  a 
large  homogeneous  equibiaxial  stress  has  also  been 
investigated  [114], 

A method  for  solving  the  dynamical  axisymmetric 
problem  in  a nonhomogeneous  elastic  body  has 
been  given  [1151.  Rayleigh  surface  waves  were 
considered  in  a body  bounded  by  a plane;  a parallel 
plane  surface  bound  a thin  surface  layer  with  dif- 
ferent properties. 

Propagation  of  Lamb  and  Love  waves  in  an  infinite 
homogeneous  micropolar  elastic  plate  bounded  by 
two  parallel  free  planes  has  been  considered  [1161. 
The  displacement  field  Ui , Uj  , 0 and  a microrotation 
field  0,  0,  03  led  to  Lamb  waves.  A displacement 
field  0,  0,  U3  and  a microrotation  field  0i,  02.  0 
led  to  Love  waves. 

The  conditions  for  propagation  of  interface  or 
Stoneley  waves  between  two  thermoelastic  half- 
spaces have  been  studied  [1171.  The  possible  exis- 
tence of  a Stoneley  mode  at  an  unbounded  interface 
between  two  elastic  half-spaces  has  been  investigated 
theoretically  [1181.  The  Stoneley  wave  equation 
for  solid-liquid  interfaces  was  also  investigated 
[1191.  The  ray  theory  was  used  to  obtain  an  ap- 
proximate solution  to  the  elasto-plastic  wave  prob- 
lem [1201.  The  propagation  of  shock  and  accelera- 
tion waves  in  an  isotropic  viscoelastic  homogeneous 
medium  has  also  been  studied  (1211,  as  have  mag- 
netoelastic waves  and  disturbances  in  initially  stressed 
conducting  media  [1221 . Rayleigh,  Love,  and  Stone- 
ley waves  were  included  in  the  latter  study.  The 
propagation  of  small-amplitude  plane  waves  through 
a homogeneous,  isotropic  elastic  medium,  having  a 
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particular  strain-energy  function  and  subjected  to  a 
large  primary  deformation  produced  by  a homogen- 
eous biaxial  stress  has  been  considered  [123] . 

Sf,  '“elocities  of  a short  period  shear  wave  in  the 
lithosphere  have  been  analyzed  [124).  Waves  with 
a long  period  car  travel  well  below  the  M-discontin- 
uity  as  they  seek  a least  time  path.  Propagation  of 
grourxl  waves  over  a nonuniform  overburden  having 
an  arbitrarily  variable  complex  dielectric  coefficient 
and  depth  has  been  analyzed  [125] . 

The  propagation  of  Rayleigh  waves  in  a half-space 
and  the  propagation  of  Love  waves  in  a welded  layer 
and  half-space  have  been  examined  when  initial 
tensile  or  compressive  stresses  are  present  [126). 
A modified  Rayleigh  equation  and  a modified  Love 
equation  were  obtained  from  perturbed  and  linear- 
ized equations  of  elasticity  that  included  the  effects 
of  initial  stress.  The  phase  velocities  of  the  waves 
changed  under  initial  tension  or  compression.  A 
similar  problem  in  crystalline  media  has  been  ana- 
lyzed (127).  Some  interesting  problems  have  been 
reported  [7, 128-152) 

The  effect  of  microstruaure  on  the  propagation  of 
plane  waves  in  a micropolar  elastic  half-space  and 
their  reflections  from  a stress-free  flat  surface  have 
been  studied  [153) . Waves  on  the  free  surface  and  on 
the  division  surface  that  originate  as  a result  of  action 
of  arbitrary  disturbances  of  the  bacin  bottom  have 
also  been  investigated  [154) . Long  and  sfiort  waves 
were  treated  separately.  A cylindrical  shear  wave 
has  been  analyzed  [155).  Three  approximate  meth- 
ods were  proposed  to  solve  the  system  of  partial 
differential  hyperbolic  equations  of  the  first  order 
with  two  independent  variables;  Courant's  iteration 
method,  involving  finite  differences  along  charac- 
teristics; direa  integration  of  the  relations  along 
characteristics;  and  the  method  of  trapezoids. 

Head  waves  in  a large  number  of  two-dimensional 
and  inclindec  layer  seismic  models  have  beeti  de- 
scribed [156).  Expressions  for  the  P-  and  S-wave 
displacement  field  resulting  from  finite  dynamic 
Voltcrra  dislocations  have  been  derived  [157].  A 
secotxl  order  approximation  has  been  given  for  cal- 
culating the  excitation  of  finite  amplitude  standing 
waves  (without  dissipation)  in  a solid  layer  [158). 
The  method  allows  for  detection  of  amplitude/ 
modulated  longitudinal  and  transverse  waves  caused 


by  the  nonlinear  properties  of  the  medium.  The 
dependence  of  damping  on  frequency  was  also 
analyzed. 

A method  for  determining  the  displacement  and  rota- 
tion field  that  forms  in  an  infinite  micropolar  elastic 
medium  as  a result  of  the  action  of  body  forces  and 
body  couples  has  been  presented  [159].  Axisym- 
metric  deformation  of  the  body  is  also  discussed. 
Two-dimensional  propagation  of  time-harmonic  plane 
waves  through  a plane  horizontally-layered  visco- 
elastic medium  has  been  described  [160).  The 
problem  was  formulated  directly  in  terms  of  stresses 
and  displacements  and  was  solved  with  matrix  meth- 
ods. 

Tne  propagation  of  shear  (or  compression)  waves  in 
a plane-parallel  layer  of  finite  thickness  was  studied 
by  Sabodash  [161] . The  waves  were  excited  by  an 
instantaneous  displacement  of  points  on  the  lower 
plane,  allowing  for  multiple  reflections  of  the  fronts 
from  both  boundaries  of  the  layer.  The  material 
in  the  layer  obeyed  the  laws  of  linear  viscoelasticity; 
that  is,  the  Kelvin-Voigt  and  Maxwell  models.  Sabo- 
dash investigated  stationary  vibrations  of  the  layer, 
allowing  changes  in  the  physicomechanical  properties 
that  af*9Ct  the  thickness  of  the  nonhomogeneous 
medium,  and  determined  resonance  frequencies. 

A discrete  continuum  theory  for  periodically  layered 
composite  materials  has  been  formulated  [162).  It 
is  based  on  a two-term  truncated  power  series  expan- 
sion of  the  displacement  field  about  the  middle 
plane  of  each  layer.  Two-dimensional  equations  of 
motion  were  obtained  for  each  layer.  Appropriate 
continuity  conditions  were  introduced  at  the  inter- 
faces between  neighboring  layers  before  the  governing 
field  equations  for  periodically  layered  media  were 
derived  as  a system  of  differential-difference  equa- 
tions. The  propagation  of  plane  harmonic  waves  in 
an  unbounded  layered  medium  was  also  examined. 

The  Boltzmann  constitutive  representation  is  a 
consistent  way  to  incorporate  dispersion  effects  into 
mathematical  models  of  wave  behavior  in  layered 
elastic  media.  Christensen  [79]  considered  long 
wavelengths  with  waves  propagating  normal  to  the 
planes  of  layering.  He  derived  special  forms  of  a 
general  Boltzmann  law  for  periodic  layering  and 
one-dimensionally  random  layering.  He  also  re- 
ported that  no  attenuation  of  harmonic  waves  oc- 
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curred  in  periodic  media  and  presented  an  analysis 
of  attenuation  in  random  media. 

The  surface  wave  in  a semi-infinite  micropolar  elastic 
solid  ernbedded  in  a constant  primary  magnetic  field 
has  been  studied  [163).  It  was  assumed  that  the 
reduced  frequency  wave  is  so  small  that  its  first  and 
higher  order  terms  can  be  neglected. 

Exact  solutions  have  been  obtained  for  the  displace- 
ment field  in  an  elastic  half-space  composed  of  two 
quarter  spaces  welded  together  I164J . The  configura- 
tion is  excited  by  a plane  SH  wave  impinging  upon 
the  discontinuity  at  an  arbitrary  angle.  The  Kontoro- 
vich-Lebedev  transform  was  used  to  obtain  two 
simultaneous  integral  equations  that  were  solved 
exactly.  The  discontinuity  could  enhance  spectral 
displacements  up  to  a factor  of  two. 

An  intrinsic  theory  of  wave  propagation  in  linear 
elastic  surfaces  has  been  developred  [165] , and  used 
to  calculate  various  wave  properties  - velocities 
shapes,  and  decay  strengths  for  a three-dimensional 
linear  elastic  solid.  Equations  describing  an  elastic 
isotropic  Cosserat  continuum  have  been  presented 
(166,  167].  Solutions  for  various  nxxjes  of  plane 
harriKJnic  waves  in  an  infinite  medium  are  discussed, 
and  the  surface-wave  solution  for  straight  crested 
waves  on  a Cosserat  half-space  is  developed  and 
interpreted.  A wave  analogous  to  the  classical  Ray- 
leigh wave  exists  except  that  it  is  dispersive.  The 
phase  velocity  of  the  surface  wave  could  increase 
or  decrease  with  frequency,  depending  on  the  relative 
magnitude  of  the  micromaterial  rrK)duli. 

A method  for  calculating  the  surface  elevation 
associated  with  long  waves  on  a rotating  earth  when 
fluid  is  created  or  passes  over  geometrical  boundaries 
has  been  published  (168).  Tables  for  spectral  dis- 
placements of  seismic  surface  waves  from  shear 
dislocations  in  flat  multilayered  earth  models  have 
been  prepared  (169],  and  dynamic  photoelastic 
measurements  of  Rayleigh-wave  propagation  in  a 
series  of  17  seismic  models  of  wedges  have  been 
described  [170] . 

Heat  is  exchanged  when  fluids  flow  through  frac- 
tures in  impermeable  rock.  The  fundamental  equa- 
tions governing  the  transport  of  heat  in  such  systems 
have  been  derived  [171].  The  occurrence  of  weak 
oscillations  in  the  flowing  fluid  were  studied  with  a 


perturbation  method.  The  response  of  a layered 
elastic  half-space  to  a progressive  exponentially  de- 
caying normal  surface  pressure  has  been  evaluated 
[172] . The  constant  velocity  V of  the  moving  pres- 
sure was  greater  than  that  of  the  P arxl  S waves, 
respectively,  in  the  upper  layer  (super  sc'jmic)  and 
smaller  in  the  underlying  half-space  (subseismic). 

Simplified  one-  and  two-dimensional  models  of 
time-dependent  propagations  of  disturbances  on 
glaciers  have  been  analyzed  by  Lick  [173],  He  gave 
limiting  solutions  for  short-  and  long-wavelength 
disturbances  and  showed  that  shon-wavelength 
disturbances  diffuse  but  do  not  travel  relative  to  the 
glacier  surface.  He  calculated  surface  height  and 
speed  for  specific  conditions  at  the  ice-rock  inter- 
face. 

The  transmission  of  stresses  associated  with  Rayleigh 
waves  has  been  considered  [174].  The  possibility 
of  using  the  ellipticity  of  Rayleigh-wave  particle 
motion  for  determining  earth  structures  has  been 
studied  [175] , as  have  surface  displacements  in  the 
near  field  due  to  an  arbitrarily  oriented  fault  model 
in  a multilayered  medium  [176]. 

A dispersion  equation  has  been  derived  [177]  for 
surface  waves  of  small  amplitude  for  a semi-infinite 
incompressible  elastic  medium  subjected  to  a large 
primary  extension  (or  compression)  in  a direction 
0X|  parallel  to  the  free  surface  0X|X2.  When  the 
direction  of  propagation  approached  Oxj,  the  sur- 
face wave  displacement  was  almost  parallel  to  0xi; 
i.e.,  nearly  transverse  to  the  direction  of  wave  propa- 
gation. 

The  parametrization  of  the  seismic  rays  in  an  elastic, 
heterogeneous  isotropic  medium  was  derived  from 
the  eikonal  equation  and  used  to  formulate  equations 
for  travel  time  and  energy  per  unit  area  of  wave 
front  [178],  The  cases  of  sub-shear,  suF>er-shear, 
subsonic,  and  supersonic  propagation  of  a crack  were 
considered  [179].  Applications  of  the  solution  to 
earthquake  problems  were  discussed. 

In  a study  of  dispersion  effects  on  uniaxial  propaga- 
tion in  spatially  heterogeneous  periodic  elastic 
media  [180] , the  frequency  dependence  of  the  wave 
phase  velocity  was  a power  series  valid  for  small 
frequencies.  A simple  algorithm  for  rapidly  and 
exacting  computing  the  attenuation  factors  of  tor- 
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sional  free  rrxKles  has  been  developed  [1811.  Cal 
culations  for  torsional  modes  having  radial  order 
numbers  (j)  from  1 to  10  and  angular  order  num- 
bers (v)  up  to  300  show  that,  for  periods  less  than 
120  sec,  the  attenuation  factor  (but  not  p)  is  ap- 
proximately independent  of  the  radial  order  number 
when  the  angular  order  number  is  less  than  20.  For 
low  angular  order  numbers  and  a radial  order  number 
greater  than  one,  both  period  and  attenuation  factor 
are  roughly  independent  of  angular  order  number 
for  a given  value  of  j. 

The  propagation  of  compression  waves  in  a weakly 
conducting  n^netoelastic  medium  in  a magnetic 
field,  to  which  a distributed  load  in  the  form  of  a 
Heaviside  function  is  applied,  has  been  studied 
(1821  - Laplace  transforms  were  used  arxf  an  asymp- 
totic solution  was  obtained  for  small  time  intervals 
by  expanding  inverse  transform  parameter  indices 
in  the  image  space  and  reverting  to  the  original 
solution. 

The  two-dinsensional  propagation  of  Stoneley  waves 
alorrg  a perturbed  interface  between  two  semi- 
infinite isotropic  media  has  been  considered  [183]. 
The  interface  was  perturbed  by  potential  functions, 
perturbation  technique  was  used  to  obtain  the  role 
of  the  perturbation  in  the  propagation.  Expressions 
for  the  components  of  the  total  strain  due  to  per- 
turbed and  unperturbed  contributions  were  obtained, 
srx),  the  period  equation  for  the  perturbed  interface 
was  considered. 

Plane  harmonic  waves  in  a rotating  elastic  medium 
have  been  studied  [184].  When  centripetal  and 
Coriolis  accelerations  were  included  in  the  equa- 
tions of  rttotion,  the  medium  behaved  as  if  it  were 
dispersive  artd  anisotropic.  The  general  techniques 
for  treating  anisotropic  media  were  modified,  to 
obtain  results  for  slowness,  surfaces,  energy  flux, 
and  mode  shapes.  The  concepts  were  applied  in  a 
discussion  of  the  behavior  of  harmonic  waves  at  a 
tree  surface. 

The  propegation  of  nonlinear  waves  in  a semi-space 
when  a stepwise  and  moving  material  with  super- 
sonic Miocity  loading  acts  at  the  boundary  was 
studied  (1851 . It  was  assumed  that  the  material 
(soil)  obeys  the  deformation  theory  of  plasticity. 
The  non-linearity  of  the  material  of  the  semi-space 
and  the  elastic  problem  aeate  a jump  variation  of 


the  normal  stress  on  the  transverse  wave. 

A model  for  the  mantle  allowed  the  shear  velocity 
to  attain  a minimum  and  then  increase  in  accordance 
with  Lehmann's  observations  [1861.  If  the  small 
variation  were  periodic,  it  would  generate  G waves. 
But  in  the  model,  the  waves  were  filtered.  P-  and 
S-waves  travel-times  from  shallow-  and  deep-focus 
earthquakes  at  a distance  of  5°  to  25°  have  been 
interpreted,  and  surface  waves  have  been  observed 
[187].  T,  or  seismic  water,  waves  generated  by 
deep-focus  earthquakes  have  been  observed  by 
sensitive  ocean-bottom  seismographs  in  the  basin 
of  the  western  Pacific. 

Seismic  interference  waves  corresponding  to  a layer 
in  which  wave  velocity  increases  and  which  had  a 
thickness  from  one  to  several  wavelengths  have  been 
studied  [1881 . The  focus  and  origin  of  an  earthquake 
and  the  (apparent)  velocity  of  an  elastic  wave  were 
calculated  from  measurements  of  arrival  times.  The 
dynamic  characteristics  of  surface  Rayleigh  waves 
were  used  in  a study  of  heterogeneity  of  crustal 
structure  and  the  existence  of  fractured  zones  within 
the  mountainous  region  of  the  Crimea  [1891.  The 
propagation  of  elastic  waves  in  a porous,  saturated 
elastic  (or  anelastic)  medium  has  been  investigated 
[190],  The  stress  equations  of  motion  were  solved 
by  the  power  series  method  [191]  for  a nonhomo- 
geneous,  isotropic,  elastic  semi  space.  The  period 
equation  for  Rayleigh  waves  was  also  derived. 

Elastic  properties  of  the  media  were  assumed  to 
change  slowly  along  the  horizontal  directions  and 
boundaries  of  the  layers  were  slightly  bent  in  one 
study  [192).  The  vertical  distribution  of  the  wave 
intensity  was  described  by  an  eigenfunction  of  the 
Sturm-Liouville  boundary  value  problem.  The  propa- 
gation of  the  wave  along  the  surface  was  studied  by 
the  ray  theory.  Transfer  equations  describing  a 
change  of  intensity  along  the  rays  were  solved. 

A linear  long  wave  equation  was  solved  for  arbitrary 
ground  motion  on  a uniformly  sloping  beach  [193] . 
Near-shore  large-amplitude  waves  were  also  inves- 
tigated using  rHanlinear  theory.  A waveguide  problem 
of  a surface  wave  was  solved  using  the  antisymmetry 
principle  of  infinite  space  [194].  The  closed  form 
solution  was  obtained  in  an  asymptotic  form.  The 
appearance  of  the  surface  wave  was  also  determined. 
The  change  of  velocity  of  two  shear  waves  propa- 
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gating  in  an  isotropic  elastic  body  with  initial  uni- 
axial stresses  was  investigated  using  second  order 
elasticity  theory  (1951 . Wave  velocity  was  measured 
in  steel  specimens  in  axial  tension  and  compression. 
The  properties  of  simple  elastic  media  in  motion 
differ  from  those  not  in  motion  because  of  the 
compressional  and  shear  wave  velocities  produced 
by  the  motion 

A WKB  solution  was  derived  for  elastic  waves  propa- 
gating into  a nonhomogeneous  elastic  medium  [196] . 
Both  plane  harmonic  waves  in  unbounded  media 
and  Rayleigh  surface  waves  propagating  along  a 
half-space  consisting  of  linearly  elastic  materials 
that  conduct  heat  have  been  considered  (197), 
Harmonic  P-  and  SV-plane  nonhomogeneous  waves 
that  propagate  in  linear  viscoelastic  media  have 
been  investigated  (198),  Miscellaneous  problems  of 
interest  have  been  studied  [87,  181,  199-234). 

A 1970  seismic  survey  at  the  reclaimed  Port  Island 
of  Kobe  Harbour  included  measuring  the  velocity 
of  shear  waves  propagated  in  near-surface  layers 
consisting  of  reclaimed  granite  soil  alternating  with 
silt,  sand,  and  gravels  (235).  A model  showing 
the  distribution  of  P-wave  velocities  in  the  upper 
mantle  beneath  the  Australian  Shield  was  constructed 
to  fit  the  travel  times  of  the  first  waves  to  arrive 
from  major  regional  earthquakes. 

Irregular  BourKiaries  and  Wave  Propagation 

The  effect  of  irregular  boundaries  on  the  propaga- 
tion of  waves  in  an  elastic  medium  is  important 
in  seismology.  Because  of  the  complex  mathematics 
involved,  however,  investigations  have  been  con- 
centrated on  slightly  curved  boundaries.  The  dis- 
placement vector  therefore  consists  of  two  parts: 
one  is  the  same  as  that  for  plane  boundaries  and  the 
other  accounts  for  additional  effeas  due  to  nonzero 
curvature  of  the  boundary . 

Sato  (236)  studied  the  propagation  of  Love  waves 
in  a layer  with  an  abrupt  change  in  thickness;  De- 
Noyar  (237)  considered  propagation  in  a layer  over 
a half-space  with  a sinusoidal  interface,  Kuo  and  Nafe 
(238)  investigated  the  propagation  of  Rayleigh 
waves  in  a similar  model.  Obukov  (239)  considered 
the  effect  of  a wavy  boundary. 

The  effect  of  a curved  bourxlary  in  the  presence  of 
a buried  line  source  has  been  studied  (240,  241). 


Similar  problems  have  been  approached  with  dif- 
ferent techniques  and  simpler  rrxxtels  (242-244] . In 
one  case  [245]  a finite  difference  approximation 
of  the  elastic  equations  of  motion  was  used  to  solve 
various  wave  propagation  problems  that  had  bean 
solved  analytically.  The  method  was  extended  to 
the  problem  of  Love  waves  prop>agating  across  an 
ocean  continent. 

The  perturbation  technique  was  used  1245]  to  study 
the  propagation  of  Love  waves  in  a layer  of  non- 
uniform  thickness  lying  over  a half-space.  A simple 
but  rigorous  derivation  was  given  for  wave  scattering 
incident  at  the  nonhorrwgeneity.  The  theory  is 
applicable  to  a nonhomogeneity  of  any  shape.  A 
finite  element  technique  was  developed  (243]  to 
study  the  propagation  of  Love  waves  across  non- 
horizontally-layered  structures. 

Takahashi  (245)  solved  the  eigenvalue  problem 
for  Love  waves  at  a hyperbolic  interface  between 
the  upper  layer  and  the  mantle.  Knopoff  end  Mai 
(246)  discussed  Love-wave  propagation  in  a sirtgle 
layer  of  variable  thickness  overlying  a half-space; 
they  assumed  that  both  the  layer  arxJ  the  half- 
space are  composed  of  homogeneous  materials 
and  that  either  the  interface  or  the  free-surfaoe  it 
plane. 

Reflection  by  irregular  surfaces  has  been  considered 
(247-251).  De  (252)  examined  the  influence  of 
boundary  perturbation  on  the  propagation  of  Love 
waves  in  a medium  containing  various  irregularities. 
The  propagation  of  Love  waves  over  the  circular 
cylindrical  surface  of  a layered  earth  model  con- 
taining cylindrically  aeolotropic  material  has  been 
studied  (253) , as  was  change  in  the  dispersion 
equation  due  to  harmonic  variation  in  the  thidcrtets 
of  the  cylindrical  crustal  layer  when  the  earth  it 
composed  of  anisotropic  material.  The  effect  of 
periodic  irregularities  of  a boundary  on  scalar  waves 
has  been  discussed  (254) . Fourier  transfornts  wore 
used  to  obtain  a double  integral  that  was  approxi- 
mated by  the  saddle  point  method  to  produce  a 
geometrical  piaure. 

Handelman  [255]  studied  surface  waves  over  a 
slightly  curved  elastic  half-space  with  the  penurba- 
tion  technique.  The  first  order  correction  terms  are 
a sum  of  three  waves:  one  is  the  ordinary  surface 
wave,  the  second  is  a cylindrical  shear  wave  with  a 


diminishing  amplitude,  and  the  third  is  a cylirxlrical 
dilatation  wave  with  a diminishing  amplitude.  Similar 
problems  of  interest  have  been  published  [178, 
247,  255  267) . 

The  exact  solutions  for  some  elastodynamic  problems 
involving  circular  cylinders  have  been  published 
(266);  the  Rayleigh  wave  contribution  was  isolated. 
Propagatio"  velocity  diminished  as  the  ratio  between 
wavelen^  id  radius  of  curvature  diminished  and 
reached  an  asymptotic  value  at  ^ero  wavelength. 
By  comparison,  the  small-wavelength  asymptotic 
approach  of  Keller  and  Karal  [2681  does  not  account 
for  dispersion,  and  a critical  or  cutoff  wavelength 
exists  above  which  no  proper  Rayleigh  wave  ran 
exist.  Thus,  a Rayleigh  wave  that  propagates  toward 
a point  of  minimal  radius  on  an  interface  with  vari- 
able curvature  can  be  scattered  and  partially  trans- 
formed into  body  waves. 

Certain  theoretical  studies  of  the  propagation  of 
Rayleigh  waves  on  a cylindrical  surface  have  shown 
that  the  curvature  is  more  important  for  waves  with 
very  short  periods  1264) . Experimental  verifica- 
tion on  two-dimensional  models  confirmed  these 
results.  On  a concave  cylindrical  surface,  Rayleigh 
waves  with  complex  wave  numbers  are  damped  and 
undergo  inverse  dispersion  in  the  direction  of  propa- 
gation [2631 

The  diffraaion  of  normally  incident  longitudinal 
and  antiplane  shear  waves  by  two  parallel  and  co- 
planar  Griffith  cracks  embedded  in  an  infinite, 
isotropic,  and  homogeneous  elastic  medium  has 
been  investigated  [2601 . Dynamic  propagation 
of  screw-like  crack  in  relation  to  a crack-resistance 
force  has  also  been  examined  [2691 . Experiments 
have  been  conducted  on  the  influence  of  differential 
pressure  on  the  passage  of  longitudinal  and  trans- 
verse waves  aaoss  fractures  [2701 . 


approximate  and  numerical  methods  have  been 
applied  to  practical  seismological  problems  when 
analytical  solutions  fail  [2711  The  ray  mr.-thod  is 
used  to  calculate  rays,  travel  times,  amplitudes,  and 
seismograms.  The  numerical  finite  difference  method 
has  been  combined  with  the  perturbation  metiiod 
to  study  diffraction  of  elastic  waves  on  elastic  wedges 
and  hollow  cylinders.  These  methods  have  advantages 
and  limitations  [2711.  The  Wiener  Hopf  technique 
has  been  used  [2571  to  examine  diffraction  by  a 
nonplanar  boundary 

A formal  asymptotic  theory  valid  at  high  frequencies 
has  been  developed  by  Gregary  [2581  to  account  for 
the  propagation  of  time-harmonic  Rayleigh  surface 
waves  over  the  general  smooth  free  surface  £ of  a 
homogeneous  elastic  solid.  He  showed  that  these 
Rayleigh  waves  '-an  be  described  on  £ by  a system 
of  surface  rays  that  are  geodesics  of  £.  The  waves 
are  dispersive.  Gregary  derived  an  explicit  first-order 
dispersion  formula 

“he  method  of  matched  asymptotic  expansions  has 
been  used  [2671  to  study  scattering  of  plane  SH 
waves  by  topographic  irregularities  of  a restricted 
range  in  an  otherwise  plane  half-space  when  the 
characteristic  length  of  the  irregularity  is  much 
smaller  than  the  wavelength  of  the  incident  wave. 
Results  are  given  for  irregularities  in  the  shape  of 
triangles,  trapezoids,  and  semicircles.  The  scattering 
of  surface  waves  by  mass  defects  has  been  estimated 
as  a function  of  frequency  and  defect  depth  [2721 . 
Attenuation  of  surface  waves  of  miaowave  fre- 
quencies on  polished  surfaces  is  also  discussed.  Most 
of  the  energy  was  scattered  into  other  surface  waves  - 
rather  than  body  waves  - so  that  the  energy  of  the 
surface  waves  passes  into  the  interior  relatively 
slowly.  (This  could  explain  the  duration  of  seismic 
signals  on  the  moon  after  the  lunar  excursion  module 
crashed  during  the  Apollo  12  mission.) 


It  has  been  suggested  [2651  that  the  dispersion  of 
surface  wave  propagating  along  a rough  plane  surface 
of  an  elastic  solid  is  attributable  to  perturbations 
caused  by  the  roughness  in  the  deeper  region  of 
the  solid.  The  arguments  in  favor  of  this  suggestion 
are  based  on  the  Rayleigh  principle. 

The  crust  arxj  mantle  are  nonhomogeneous  in  both 
vertical  and  horizontal  direaions  and  contain  curved 
seismic  interfaces  and  block  structures.  Several 


An  integral  equation  for  the  transmission  of  SH  waves 
across  a step-like  irregularity  in  the  surface  of  the 
elastic  half-space  has  been  derived  [2731 . A pierturba- 
tion  method  was  used  [2741  to  study  the  scattering 
of  plane  waves  by  small  surface  imperfections  on  an 
elastic  half-space.  The  solution  of  the  first  order 
approximation  is  given  as  convolution  integrals  of 
the  surface  imperfection  with  kernel  functions  de- 
fined by  Fourier  inversion  integrals.  The  scattered 
far-field  displacements  are  obtained  explicitly  for 
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arbitrary  imperfections.  (The  scattered  f'jid  con- 
sists of  a Rayleigh  surface  wave  and  four  body 
phases  that  travel  with  the  speed  of  dilatational 
or  distortional  waves  at  the  free  surface.) 

It  has  been  shown  [275]  that  random  nonhomo- 
geneities in  an  elastic  half-space  generate  scattered 
P and  S waves  when  excited  by  a spherical  P vyave 
initiated  at  the  surface.  The  scattered  energy  is 
characterized  by  statistical  correlations  of  the  dis- 
placement components  at  two  receivers  on  the 
free  surface.  Simple  expressions  were  obtained  for 
the  correlations  on  the  basis  of  assuming  far-field 
Rayleigh  scattering  using  a simple  perturbation 
theory , and  neglecting  boundary  effects. 

The  motion  caused  by  a point  source  and  a source 
of  finite  extent  in  an  elastic  half-space  with  a cor- 
rugated boundary  was  obtained  [276]  and  com- 
pared with  the  motion  in  a flat  half-space.  The 
method  was  a combination  of  a perturbed  theory 
and  a finite  difference  method.  The  effea  of  cor 
rugation  on  body  and  surface  waves  was  also  in- 
vestigated 
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ELEMENTS 
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Edited  by  R.H.  Mallett 

Finite  element  methods  for  elastic/perfectly-plastic 
|EPP)  nx>dels  are  available,  but  they  are  expensive, 
time-consuming,  and  in  some  cases  provide  for 
more  information  than  is  desired.  If  the  simpler 
rigid/perfectly-plastic  (RPP)  model  is  used,  ordinary 
solution  methods  break  down  because  stresses  in  a 
rigid  region  are  not  generally  unique. 

In  pre-computer  days,  the  theorems  of  limit  analysis 
were  used  to  obtain  upper  and  lower  bounds  on  the 
yield-point  load  of  an  RPP  model  which,  in  many 
applications,  is  a good  approximation  of  the  true 
carryirtg  capacity  of  a real  structure.  The  six  papers 
in  this  volume  are  concerned  with  the  use  of  the  com- 
puter as  a means  for  efficiently  firxjing  good  bounds 
on  the  yield-point  loads  of  complex  structures.  The 
papers  differ  in  their  emphasis  on  upper  and/or 
lower  bounds,  in  the  type  of  problem  considered, 
in  the  finite  elements  used,  and  in  the  extent  to 
which  the  bounding  principle  is  conserved.  Several 
of  the  papers  point  out  that  when  a nonlinear  yield 
condition  is  used,  a lower  bound  approach  may  not 
provide  a true  lower  bound  on  the  model,  and  for 
any  yield  condition  it  may  not  provide  a true  lower 
bourxJ  for  the  original  continuum. 

The  paper  by  Anderheggen  defines  the  element 
arrartgement  and  then  considers  both  stress  and 
velocity  fields.  A piecewise-linear  yield  condition 
is  assumed.  The  two  bourtding  theorems  lead  to  a 
primal-dual  formulation  of  a linear  programming 
problem.  The  primal  and  dual  each  lead  to  the  exaa 
yield  poirn  load  for  the  model,  and  intermediate 
steps  provide  upper  or  lower  bounds,  but  there  is 
no  guaranteed  relation  between  the  model  and 
continuum  yield-point  loads.  Applications  are  given 
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to  various  triangular  and  quadrilateral  elements 
for  two-dimensional  problems. 

Biron's  paper  is  concerned  with  a lower  bouixl  ap- 
proach to  shells.  For  rotationally  symmetric  shells 
he  uses  a nonlinear  yield  condition,  and  his  method 
provides  a true  lower  bound  for  the  shell.  An  essential 
feature  of  the  approach  is  that  the  equilibrium  equa- 
tions can  be  solved  exactly  for  the  circumferential 
stress  and  moment.  He  points  out  that  this  feature 
does  not  extend  to  more  general  shell  problems; 
therefore,  a lower  bound  approach  no  longer  provides 
a true  bound  for  the  shell,  although  it  may  furnish 
a good  approximation. 

In  the  third  paper,  Hutala  points  out  that,  rather 
than  regard  the  yield  condition  as  constraint,  any 
equilibrium  solution  can  be  used  and  the  maximum 
yield  function  found;  then  parameters  are  chosen 
to  minimize  this  maximum.  Assuming  the  Mises  yield 
condition  and  using  a de  Veubke  quadrilateral  ele- 
ment with  a cubic  stress  function,  he  reduces  this 
max-min  problem  to  a sequence  of  steps  involving 
solution  of  linear  equations  and  minimization  with 
respect  to  a single  parameter.  He  also  formulates  an 
upper  bound  approach  that  is  mathematicallly 
similar  and  can  use  the  same  computer  program.  Both 
approaches  give  true  bounds  on  the  continuum 
solution. 

A paper  by  Zavelani-Rossi,  Peano,  and  Binda  gener- 
alized the  de  Veubke  element  to  the  general  rotation- 
ally  symmetric  problem  by  adding  a secondary  linear 
stress  funaion,  A piecewise-linear  yield  condition 
is  assumed.  The  lower  bound  approach  is  reduced 
to  a linear  programming  problem  that  provides  a 
true  lower  bound  for  the  continuum. 

In  the  fifth  paper  Peano  uses  a lower  bound  approach 
with  piecewise-linear  yield  conditions.  He  is  con- 
cerned with  the  computational  comparison  of  several 
different  element  models,  all  of  which  are  essentially 
triangular  with  linear  stress  fields,  and  all  of  which 
yield  true  lower  bounds  via  the  dual  formulation  of 
a linear-programming  problem.  As  a simple  measure 
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of  computational  efficiency,  he  defines  a number 
0 as  the  number  of  degrees  of  freedom  F per  vertex 
(for  an  infinite  domain)  divided  by  the  number  of 
independent  parameters;  i.e.,  by  F minus  the  num- 
ber of  equilibrium  constraints  E per  vertex,  0 = 
F/{F-E).  The  smaller  value  of  0,  the  more  efficient 
the  model.  He  examines  seven  models,  beginning 
with  the  simplest  one,  in  which  vertex  stress  com- 
ponents are  the  independent  variables  that  lead  to 
a 0 value  of  7.  The  basic  goal  is  to  reduce  the  num- 
ber of  free  parameters  and  constraints  by  auto- 
matically satisfying  certain  equilibrium  require- 
ments; various  ways  of  doing  this  lead  to  0 values 
of  6,  4,  3,  and  1 .6.  This  last  value  is  again  the  de 
Veubke  model  in  which  triangular  elements  are 
formed  from  quadrilateral  ones  by  construction  of 
the  diagonals.  Two  further  models  use  stress  func- 
tions rather  than  stress  components  as  the  starting 
point.  The  de  Veubke  quadrilateral  with  stress 
function  gives  ^ = 1,  which  is  optimal.  However, 
certain  problems  can  occur  for  multiply  connected 
domains. 

The  final  paper,  by  Robinson,  differs  from  the 
others  in  that  it  is  concerned  more  with  results  than 
with  methods.  He  considers  the  problem  of  two 
intersecting  cylindrical  shells  under  internal  pressure. 
He  computes  approximate  lower  bounds  for  a wide 
variety  of  the  parameters  a/R,  t/T,  and  8/T  (a  and 
R are  radii  of  the  two  shells;  t and  T are  their  thick- 
nesses) arxf  compares  them  with  available  experi- 
mental and  theoretical  upper  bound  results. 

Taken  as  a whole,  this  volume  is  a valuable  addition 
to  the  literature.  All  of  the  articles  concentrate  on 
the  essential  ideas  presented  and  refer  to  other 
sources  for  details.  The  bibliographies  appear  per- 
tinent. Anyone  interested  in  the  challenge  of  using 
finite  element  models  for  direct  information  on 
the  yield-point  load  of  structures  should  certainly 
start  with  this  volume.  The  use  of  listed  references 
for  details  related  to  a particular  problem  of  interest 
should  provide  a good  background  for  either  the 
solution  of  practical  problems  or  further  research 
in  this  area. 


Philip  G.  Hodge,  Jr. 
Professor  of  Mechanics 
University  of  Minnesota 
Minrteapolis,  Minrtesota  55455 


MECHANICS  OF  VISCO  ELASTIC  j 

MEDIA  AND  BODIES 

lUTAM  Symposium,  Gothenburg,  Sweden,  1974 
Springer-Verlag,  1975,  Editor,  Jan  Hult 

This  reviewer,  having  attended  the  Symposium,  is 
now  also  reviewing  its  proceedings.  The  Symposium 
was  intended  as  a forum  for  specialists  from  various  ] 

countries  with  common  interests  in  the  subject  of  | 

viscoelasticity  and  was  not  restricted  to  the  area  of  ] 

shock  and  vibration.  Indeed,  of  the  34  articles  pub-  ; 

lished,  perhaps  six  have  to  do  with  shock  and  vibra- 
tion. 

Johnson  considered  the  small  amplitude  vibrations  of 
prestrained  viscoelastic  solids.  This  basically  involves 
an  artalysis  of  small  disturbances  about  equilibrium 
states  that  are  given  a general  definition.  The  con- 
stitutive relation  considered  seems  sufficiently  general 
to  include  the  responses  of  most  real  materials.  Oatta 
considered  the  behavior  of  progressive  waves  in  an 
elastic  medium  with  fluid-filled  cavities.  The  fluid  is 
viscous,  and,  in  a two-dimensional  context,  the 
cavities  are  cylindrical.  The  problem  seems  somewhat 
idealized,  however,  and  the  possibility  for  real  appli- 
cations are  limited.  Habip  considered  the  behavior 
of  progressive  waves  in  particulate  composites  con-  j 

sisting  of  elastic  and  viscoelastic  solids.  In  particular,  | 

he  gave  attenuation  and  phase  velocity  as  functions  ] 

of  frequency  and  the  properties  of  the  constituents.  j 

Nonlinear  considerations  are  given  in  two  articles  - 

one  by  Ting,  Chen,  and  Schuler  and  the  second  by 

Ertgelbrecht  and  Nigul.  The  latter  paper  was  not  ] 

presented  at  the  Symposium,  as  is  the  common  j 

practice  of  Russians.  ! 

Ting  considered  the  evolutionary  behavior  of  propa-  | 

gating  singular  surfaces  of  all  orders  in  nonlinear  j 

viscoelastic  bodies.  The  constitutive  relation  is  ! 

general,  and  the  results  reflect  its  influences  on  the  j 

behavior  of  the  singular  surfaces.  Chen  and  Schuler 

gave  an  experimental  procedure  whereby  some  of  j 

the  properties  of  the  stress-relaxation  function  can  be 

determined  using  the  properties  of  composites 

without  explicit  constitutive  relations.  Engelbrecht 

arxf  Nigul  summarized  the  evolutionary  behavior 

of  shock  discontinuities  in  various  media  including 

viscoelastic  ones.  Their  results  are  by  no  means 

original  and  have  bean  published  elsewhere. 
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The  proceedings  also  contain  articles  concerning 
nonlinear  viscoelastic  constitutive  relations,  aging, 
creep,  and  a finite  element  method  for  two-dimen- 
sional problems.  These  articles  contain  both  theore- 
tical and  practical  material. 

Peter  J.  Chen 
Explosives  Physics  Div.  5131 
Sandia  Laboratories 
Albuquerque,  New  Mexico  871 15 


RESONANCE  OSCILLATIONS  IN 
MECHANICAL  SYSTEMS 

R.M.  Evan-lwanowski 

Elsevier  Scientific  Pub.,  The  Netherlands,  1976 


INDUSTRIAL  NOISE  CONTROL 
HANDBOOK 

P.N.  Cheremisinoff  and  P.  Cheremisinoff 
Ann  Arbor  Science,  Ann  Arbor,  Ml,  1977 
$29.50 

The  authors  state  that  this  book  was  designed  for  use 
by  consultants,  planners,  students,  and  engineers 
faced  with  industrial  noise  problems.  Unfortunately, 
it  really  does  not  meet  the  needs  of  any  of  these 
groups.  Although  the  book  is  designated  as  a "hand- 
book," it  is  really  better  described  as  a survey.  The 
19  chapters  - including  subjects  such  as  noise  legis- 
lation, personal  safety  devices,  noise  reduaion  with 
lead,  fundamentals  of  vibration,  and  noise  level 
interpolation  and  mapping  - treat  many  specific 
topics  in  an  extremely  superficial  way. 


This  book  presents,  in  eight  chapters,  a compre- 
hensive treatment  of  resonance  oscillations.  The 
chapter  headings  are: 


Chapter  1 . 
Chapter  2. 
Chapter  3. 
Chapter  4 . 
Chapter  5. 
Chapter  6. 
Chapter  7. 
Chapter  8 


Background.  Basic  Concepts 
Method  of  analysis 

Dynamic  resonances,  v = (p/q)cu 
Parametric  rrraitt  resottattce 
Combination  resonances 
Combination  differential  resonances 
Internal  resonances 

Parametric  rnain  and  combination 
resonances  oscillations  in  structures 


The  methodology  applied  throughout  the  book, 
which  is  based  in  large  part  on  the  research  of  Profes- 
sor E^-an-lwanowski  and  his  students,  is  that  of  asymp- 
totic analysis  However,  the  mathematics  is  based  on 
both  physical  intuition  arxf  experimental  results. 

The  book  production  is  soniewhat  disappointing  This 
reviewer,  at  least,  is  not  wildly  enthusiastic  about 
expensive  ($29  75),  hard-cover  books  that  are  not 
type  set  but  photographed  from  (apparently)  author- 
prepared  typescript  Nevertheless,  for  those  interested 
in  nonlineer  resonant  responses  of  discrete  systems, 
this  book  will  be  useful 


Clive  L.  Dym 
Department  of  Civil  Engineering 
University  of  Massachusetts 
Amherst,  Massachusetts  01003 


This  reviewer  chose  several  problems  that  might  be 
encountered  in  industry  so  that  the  book's  usefulness 
as  a handbook  could  be  demonstrated.  For  example, 
I tried  to  find  solutions  to,  or  guidance  for,  the 
following  "typical"  situations:  quieting  a noisy 
induced-draft  fan;  reducing  noise  transmission  be- 
tween offices;  determining  the  source  of  noise  in  a 
compressor /gearbox  pair  and  eliminating  the  prob- 
lem; surveying  and  controlling  community  noise; 
initiating  a noise  control  and/or  a hearing  conserva- 
tion program  with  regard  to  equipment,  personnel, 
etc;  obtaining  information  on  various  noise  control 
materials;  finding  further  references.  These  prob- 
lems are  not  uncommon  and  one  would  expect  a 
handbook  to  provide  answers  to  most  of  these 
problems.  Unfortunately,  there  is  nothing  in  the 
index  on  "gears,"  "diagnostics,"  "materials,"  "ref- 
erences," "community  noise,"  or  "fans."  On  the 
other  hand  "compressors,"  "construction  site  noise," 
and  "nylon  gears"  are  listed.  Thus,  for  some  topics 
the  reader  might  find  some  information  by  the  use 
of  the  index,  while  other  topics  would  require  either 
a more  refined  descriptor  or  a thorough  browsing. 

As  one  looks  at  the  text  it  is  quite  obvious  that 
some  of  the  treatments  of  those  items  found  in  the 
irrdex  are  very  sketchy.  For  example,  the  "com- 
pressor" topic  has  about  one  and  a half  pages  total 
coverage;  one  arxf  quarter  pages  on  a compressor 
noise  abatement  installation  (which  seems  to  be 
taken  from  a consultant's  brochure)  and  one  quarter 
page  on  the  advisability  of  using  a "floating  floor" 
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for  a compressor  when  it  is  mounted  on  the  top 
of  a building.  This  is  definitely  not  sufficient  informa- 
tion to  develop  any  noise  control  technique  for 
compressors.  Most  of  the  other  topics  mentioned 
above  are  similarly  treated,  although  there  are  a few 
topics  that  are  covered  thoroughly. 

Many  of  the  chapters  have  been  written  by  "con- 
tributors" and  are  very  specific  in  their  discussion. 
For  example,  the  chapter  on  enclosures  includes 
only  the  use  of  lead  and  there  is  a chapter  discussing 
only  noise  reduction  by  glass.  The  former  was  taken 
mostly  from  brochures  of  lead  industries  and  the 
latter  was  authored  by  a glass  company  employee. 
The  chapter  on  additional  sound  control  materials 
includes  foam,  polymer  fills,  acoustical  panels,  and 
nylon  (used  only  in  reference  to  gears).  There  is  no 
mention  of  the  use  of  plywood,  sheet  steel,  gypsum 
beard,  aluminum,  glass  fiber,  and  several  other 
commonly  used  materials  for  noise  control.  Further- 
more, some  of  the  more  recent  works  on  noise 
control  materials  are  not  cited. 

The  chapters  dealing  with  fundamentals  seem  too 
basic  and  are  actually  too  short  to  give  the  reader 
a thorough  understanding  of  the  physics  involved. 
If  one  is  familiar  enough  with  the  field  to  use  a 
handbook  and  not  require  an  elementary  text,  one 
would  expect  a rather  sophisticated  approach  to  the 
"fundamentals"  to  refresh  the  reader's  first  know- 
ledge or  to  provide  information  as  to  where  the 
reader  can  obtain  elementary  knowledge.  Some  of 
the  figures  are  too  simplistic.  For  example,  in  one 
figure,  there  is  a box  that  surrounds  the  word  "noise" 
attached  to  an  arrow  that  leads  to  a box  that  sur- 
rounds the  words  "protective  device"  which  then  is 
attached  to  an  arrow  that  leads  to  a box  surrounding 
the  word  "ear,"  illustrating  the  "acoustic  problem 
in  general."  The  book  is  also  filled  with  so-called 
case  histories,  not  in  enough  detail  to  reproduce 
the  solutions,  but  rather  to  show,  superficially, 
what  others  have  done.  Most  of  the  case  histories  are 
complete  with  brand  names  arxf  the  companies 
that  make  them.  Normally  this  would  be  very  harxJy 
but  it  appears  more  to  be  an  exercise  in  company 
exposure  than  a means  of  technology  transfer.  Many 
of  the  references  found  at  the  end  of  most  chapters 
are  merely  engineering  brochures  or  sales  brochures 
of  materials-  (and/or  applications-)  oriented  firms. 

There  are  some  useful  chapters,  the  figures  in  general 
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are  clear,  and  many  of  the  explanations  are  reason- 
ably simple.  However,  the  book  does  not  do  two 
major  things:  it  does  not  tell  you  how  to  pick  noise 
control  components  correctly,  and  it  leaves  out 
several  important  concepts  that  would  be  of  use  to 
noise  control  engineers  or  acousticians  who  need 
information  on  component  or  system  noise  control. 
It  appears  that  the  majority  of  references  are  not  to 
basic  journals,  magazines,  or  texts  in  the  field  but 
rather  are  references  to  sales  brochures.  This  reviewer 
was  surprised  to  see  no  mention  of  the  major  jour- 
nals, magazines,  or  associations  that  are  valuable  to 
those  who  need  information  on  noise  control. 

Cyril  Harris  is  planning  to  issue  a new  edition  of 
his  Handbook  of  Noise  Control.  It  is  recommended 
to  the  reader  contemplating  the  purchase  of  a hand- 
book in  noise  control  that  he  or  she  wait  for  Har- 
ris's new  book.  This  Industrial  Noise  Control  Hand- 
book can  be  of  some  use  as  a reference  source  if  one 
does  not  have  access  to  a collection  of  articles  or 
textbooks  that  have  appeared  in  recent  years.  This 
r(!viewer,  however,  would  prefer  to  scan  tfie  irxjexes 
of  the  magazines/journals  that  relate  to  the  field. 

Richard  J.  Peppin 
1711  Westwind  Way 
McLean,  Virginia  22101 

Reprinted  from  JASA,  63  (2),  p 645  (Feb  1978) 
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JULY 

NOISE  CONTROL  ENGINEERING 

Dates,  July  31 -August  4,  1978 

Place:  Univ.  of  Michigan,  Ann  Arbor,  Ml 

Objective:  This  course  provides  engineers  and 
managers  with  comprehensive  knowledge  of  noise- 
control  engineering  and  criteria  for  application  to 
practical  problems. 

Contact:  Engineering  Summer  Conferences,  200 
Chrysler  Center,  North  Campus.  The  University  of 
Michigan,  Ann  Arbor,  Ml  48109  - (3131  764-8490. 


AUGUST 

PYROTECHNICS  AND  EXPLOSIVES 

Oates:  August  14-18,  1978 

Place:  Philadelphia,  PA 

Objective:  This  seminar  combines  the  subjeas  of 
pyrotechnics  and  solid  state  chemistry  along  with 
explosives  and  explosive  devices.  It  will  be  practical 
so  as  to  serve  the  men  working  in  the  field.  Presenta- 
tion of  theory  is  restricted  to  that  necessary  for  an 
understanding  of  basic  principles  and  successful 
application.  Coverage  emphasizes  recent  effort, 
student  problems,  new  techniques,  and  applications. 
The  prerequisite  for  this  seminar  is  a bachelor  of 
science  degree  in  engineering  or  equivalent. 

Contact:  Registrar,  The  Franklin  Institute  Re- 

search Labs.,  Philadelphia,  PA  19103  - (215)  448- 
1236 


FUNDAMENTALS  OF  NOISE  AND  VIBRATION 
CONTROL 

Oates:  August  21-25, 1978 

Place  Massachusetts  Institute  of  Technology 
Objective  This  program  is  designed  to  provide  a 
background  in  those  aspects  of  sound  and  vibration 
that  are  important  to  noise  control  engineering. 
The  major  subjects  of  discussion  are  sound  generation 


and  propagation,  vibration  of  structures,  and  inter- 
action of  structures  and  sound.  The  vibration  of 
simple  structural  elements  and  the  relation  of  these 
vibrations  to  interaction  with  the  sound  field  will 
be  covered.  The  general  approach  is  based  on  engi- 
neering concepts  rather  than  theoretical  analysis. 

Contact:  Office  of  the  Summer  Session,  Room 
E19-356,  Massachusetts  Institute  of  Tech.,  Cam- 
bridge, MA  02139-  (617)253-2101. 

SEPTEMBER 

7TH  ADVANCED  NOISE  AND  VIBRATION 
COURSE 

Dates.  September  11-15,  1978 

Place:  Institute  of  Sound  and  Vibration  Re- 

search, University  of  Southampton,  UK 
Objective:  This  course  is  aimed  at  researchers  and 
development  engineers  in  industry  and  research  es- 
tablishments, and  people  in  other  spheres  who  are 
associated  with  noise  and  vibration  problems.  The 
course,  which  is  designed  to  refresh  and  cover  the 
latest  theories  and  techniques,  initially  deals  with 
fundamentals  and  common  ground  and  then  offers 
a choice  of  specialist  topics.  The  course  comprises 
over  thirty  lectures  including  the  basic  subjects  of 
acoustics,  random  processes,  vibration  theory,  subjec- 
tive response  and  aerodynamic  noise  which  form  the 
central  core  of  the  course.  In  addition,  several  special- 
ist applied  topics  are  offered,  including  aircraft  noise, 
road  traffic  noise,  industrial  machinery  noise,  diesel 
engine  noise,  process  plant  noise  and  environmental 
noise  and  planning. 

Contact:  Dr.  J.G.  Walker  or  Mrs.  O.G.  Hyde,  Inst, 
tute  of  Sound  and  Vibration  Research,  The  Univer- 
sity, Southampton,  S09  5NH,  England. 

MACHINERY  VIBRATION 

Dates  September  20-22, 1978 

Place:  Cherry  Hill,  New  Jersey 
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Objeaive:  Lectures  and  demonstrations  on  rotor- 
bearing dynamics,  turbomachinery  blading,  and 
balancing  have  been  scheduled  for  this  Vibration 
Institute-sponsored  seminar.  The  keynote  address  on 
the  development  of  balancing  techniques  will  ba  given 
on  the  first  day  along  with  sessions  on  modal  analysis, 
oil  whirl,  and  computer  programs.  Simultaneous 
sessions  on  rotor-bearing  dynamics  and  turboma- 
chinery blading  will  be  held  on  the  second  and  third 
days.  The  following  topics  are  included  in  the  rotor- 
bearing dynamics  sessions,  critical  speeds,  stability, 
fluid  film  bearing  design  and  analysis,  balancing 
sensitivity,  generator  rotor  balancing,  gas  turbine 
balancing,  and  industrial  balancing.  The  sessions  on 
turbomachinery  blading  feature  excitation  and  forced 
vibration  of  turbine  stages,  structural  dynamic  as- 
pects of  bladed  disk  assemblies,  finite  element  analy- 
sis of  turbomachinery  blading,  steam  turbine  avail- 
ability, metallurgical  aspects  of  blading,  torsional- 
blading  interaction,  and  field  tests  of  turbogenerator 
sets.  Each  participant  will  receive  a proceedings  cov- 
ering all  seminar  sessions  and  can  attend  any  combin- 
ation of  sessions. 

Contact;  Vibration  Institute,  101  W.  55th  St., 
Suite  206,  Clarendon  Hills,  IL  60514  - (312)  654- 
2254. 


OCTOBER 

MACHINERY  VIBRATION  SEMINAR 

Dates:  October  24-26, 1978 

Place:  MTI,  Latham,  New  York 

Objective;  To  cover  the  basic  aspects  of  rotor-bear- 
ing system  dynamics.  The  course  will  provide  a funda- 
mental understanding  of  rotating  machinery  vibra- 
tions; an  awareness  of  available  tools  and  techni- 
ques for  the  analysis  and  diagnosis  of  rotor  vibra- 
tion problems;  and  an  appreciation  of  how  these 
techniques  are  applied  to  correct  vibration  problems. 
Technical  personnel  who  will  benefit  most  from  this 
course  are  those  concerned  with  the  rotor  dynamics 
evaluation  of  motors,  pumps,  turbines,  compressors, 
gearing,  shafting,  couplings,  and  similar  mechanical 
equipment.  The  attendee  should  possess  an  engineer- 
ing degree  with  some  understanding  of  mechanics 
of  materials  and  vibration  theory.  Appropriate  job 
functions  include  machinery  designers;  and  plant, 
manufacturing,  or  service  engineers. 


Contact:  Mr.  P.E.  Babson,  Mktg.  Mgr.,  Machirtery 
Diagnostics,  MTI,  968  Albany-Shaker  Rd  , Latham, 
NY  12110-1518)  785-2371. 


NOVEMBER 

DIGITAL  SIGNAL  PROCESSING 

Dates:  November  6-10, 1978 

Place;  The  George  Washington  University 

Washington,  D.C. 

Objective:  The  course  is  designed  for  engineers, 
scientists,  technical  managers,  and  others  who  desire 
a better  urtderstanding  of  the  theory  and  applications 
of  digital  signal  processing.  The  objective  of  this 
course  is  to  provide  the  participants  with  the  essen- 
tials of  the  design  of  HR  and  FIR  digital  filters, 
signal  deteaion  and  estimation  techniques,  and  the 
development  of  Fast  Fourier  Transform  Algorithms. 
The  applications  of  digital  signal  processing  to  speech 
processing  will  also  be  discussed.  The  mathematical 
concepts  needed  for  understanding  this  course  will 
be  developed  during  the  presentation. 

Contact;  Continuing  Engineering  Education  Pro- 
gram, George  Washington  University,  Washington, 
D.C.  20052  - (202)  676-6106  or  toll  free  (800)  424- 
9773. 


VIBRATION  AND  SHOCK  TESTING 

Dates:  November  6-10, 1978 

Place.  Washington,  D.C. 

Objective:  Leaures  are  combined  with  physical 
demonstrations;  how  structures  behave  when  me- 
chanically excited,  how  input  and  response  forces 
and  motions  are  sensed  by  pickups,  how  these  electri- 
cal signals  are  read  out  and  evaluated,  also  how 
measurement  systems  are  calibrated.  The  relative 
merits  of  various  types  of  shakers  and  shock  machines 
are  considered.  Controls  for  sinusoidal  and  random 
vibration  tests  are  discussed. 

Contact:  Wayne  Tustin,  Tustin  Institute  of  Tech., 
Inc.,  22  East  Los  Olivos  St.,  Santa  Barbara,  CA 
93105  - (805)963-1124. 
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NEWS  BRIEFS 


J naws  on  cunant 
2 and  Futura  Shock  and 
4 Vibration  activitios  artd  avants 


SAE  MEETING 

TO  FEATURE  DYNAMIC  SESSIONS 

The  SAE  Technical  Committee  G-5,  Aerospace 
Shock  and  Vibration,  is  organizing  two  sessions  to 
be  presented  at  the  1978  SAE  Aerospace  Engineering 
& Manufacturing  Meeting  November  27-30,  1978, 
Town  and  Country  Hotel,  San  Diego,  California. 
The  titles  of  the  two  sessions  are:  Modal  Vibration 
Testing/Analysis  and  Seismic  Testing/Analysis.  Infor- 
mation on  the  finalized  program  may  be  obtained 
from  R.W.  Mustain,  Rockwell  International  Space 
Div.,  M.S.  AB97, 12214  S.  Lakev.’ood  Blvd.,  Downey, 
CA  90241. 


CALL  FOR  PAPERS 
SEVENTH  VIBRATION  CONFERENCE 
DESIGN  ENGINEERING  DIVISION 
American  Society  of  Mechanical  Engineers 

The  seventh  biennial  ASME  Conference  on  Mechani- 
cal Vibration  is  scheduled  to  be  held  as  part  of  the 
1979  Design  Technical  Conference  in  St.  Louis,  MO 
on  September  9-12,  1979.  The  St.  Louis  Section  of 
ASME  will  be  host. 

The  theme  of  this  conference,  like  the  past  confer- 
ences, will  be  the  applied  aspects  of  vibration  engi- 
neering. Emphasis  will  be  on  technology  and  exper- 
ience associated  with  real  apparatus,  systems  and 
problems. 

Technical  papers  are  solicited  in  the  areas  indicated 
below.  Abstracts  should  be  submitted  to  the  appro- 
priate Subcommittee  Chairman  on  ASME  Form 
M & P 1903  by  October  1,  1978.  Form  M & P 1903 
is  available  from  ASME,  345  E.  47th  Street,  New 
York,  NY  10017  - (212)  644-7722  or  from  the  Sub- 
committee Chairmen. 

Overseas  contributors  may  obtain  this  form  from 
the  appropriate  overseas  representatives  listed  below. 
Abstracts  of  papers  of  very  broad  interest  or  which 
do  not  fall  into  the  topic  areas  listed  below  should 


be  submitted  to  the  Conference  Chairman. 

Complete  manuscripts,  in  quadruplicate,  are  due  by 
1 December  1978  to  the  Subcommittee  Chairman. 
Accepted  papers  will  be  preprinted  for  the  conference 
and  will  also  be  considered  for  publication  in  the 
Journal  of  Mechanical  Design. 


Conference  Chairman 
Professor  F.C.  Nelson 
Department  of  Mechanical  Engineering 
Tufts  University 
Medford,  M A 02155 
(617)  628-5000  Ext  240 

Overseas  Representatives 
United  Kingdom 
Dr.  D J.  Mead 

Dept,  of  Aeronautics  and  Astronautics 
University  of  Southampton 
Southampton  S09  5NH,  England 
Europe 

Professor  M.  Lalanne 

Laboratoire  de  Mecanique  des  Structures 
Institut  National  des  Sciences  Appliquees 
de  Lyon 

69621  Villeurbanne,  France 

Representatives  will  also  be  appointed  for 
South  America,  India,  and  Japan. 

Rotating  Machinery 

Balancing;  stability;  foundation  interaction; 
crack  propagation  and  fatigue;  synchronous  and 
non-synchronous  response;  vibration  control 
with  damped  rotor -bearing  systems;  torsional 
vibration 

Dr.  E.A.  Bulanowski 

Research  arxJ  Advanced  Product  Development 
DeLaval  Turbine,  Inc. 

853  Nottingham  Way 
Trenton,  NJ  08638 
(609)  587-5000  Ext.  3526 


SO 


' I Mill 


Vibration  Reduction  and  Control 

Passive  arxJ  active  vibration  isolators:  vibration 
absorbers:  design  of  dampers  arxJ  damping 
treatments 

Professor  C.B.  Basye 

UMR  Graduate  Center,  St.  Louis 

8001  Natural  Bridge  Rd. 

St.  Louis,  MO  63121 
(314)  453-5431 

Structural  Dynamics 

Advances  in  the  solution  of  vibratory  systems; 
sub-structure  methods:  synthesis  of  vibrating 
systems:  the  use  of  calculators  and  mini-com- 
puters 

Professor  V.H.  Neubert 

Dept,  of  Engineering  Science  and  Mechanics 
Pennsylvania  State  University 
University  Park,  PA  16802 
(814)865-6161 


Finite  Element  Vibration  Analysis 

Finite  element  application  to  industrial  prob- 
lems: state-of-the-art  reviews  for  particular 
industries  or  technical  areas:  novel  applications 
of  the  method 

Dr.  J.A.  Wolf,  Jr. 

Dr.  M.M.  Kamal 

Engineering  Mechanics  Department 
General  Motors  Research  Laboratory 
Warren , M I 48000 
(313)  575-3357  (Wo'f) 

(313)  575-2929  (Kamal) 

Mechanical  Signature  Analysis 

Diagnostic  techniques:  defect  identification: 
analytical  and  computational  methods:  applica- 
tions to  rotating  machinery,  structural  testing, 
process  monitoring  and  noise  abatement 

Dr.  S.  Braun 
Research  Staff 
Ford  Motor  Company 
24500  Glendale  Ave. 

Redford,  Ml  48239 
(313)  533-1035  Ext.  352 


Machinery  Noise  ’ 

Prediction  methods:  control  of  noise  sources:  • 

determination  of  noise  paths:  coherence  and 
correlation  methods:  spectral  methods:  acoustic  ^ 

radiation:  techniques  for  noise  reduction  of 
machines  and  machine  components 

Dr.  L.L.  Faulkner 

Battelle-Columbus  Laboratories  I 

505  King  Avenue  i 

Columbus,  OH  43201  i 

(614)424-5280  i |! 

1 i 

Blade  Vibration 

Excitation  mechanisms:  blade  and  blade  group 
vibration:  blade-disc  interaction:  experimental 
measurements  in  stationary  and  rotating  con- 
ditions 

Professor  N.F.  Rieger  ' 

Department  of  Mechanical  Engineering  * 

Rochester  Institute  of  Technology 
One  Lomb  Memorial  Drive 
Rochester,  NY  14623 

(716)475-2874  | 

Fluid-Structure  Imeraaion  ; 

Vortex-induced  vibration:  flutter:  vibration  caus-  i 

ed  by  oscillating  flows:  turbulent  buffeting  of 
structures:  instabilities  in  tube  arrays:  leakage-  i 

flow-induced  vibration:  design  applications 

Dr.  S.D.  Savkar 
General  Electric  Co. 

Research  and  Development  Center 
Building  K-1 , Room  5828 
Schenectady,  NY  12301 
(518)385-8053 

Recent  Developments  in  the  Acquisition  and  Artalysis 
of  Vibration  Data 

Acoustic  emission:  ultrasonic  testing:  holographic 
measurements:  signal  analysis:  data  reduction 
via  spectral  methods:  shock  response  analysis: 
industrial  applications  j 

I 

Mr.  H.  Saunders  S 

General  Electric  Co.  i 

Building  41 , Room  319 

Schenectady,  NY  12345  I 

(518)  385-0251  } 
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Special  Problems  in  Vibration 

Nonlinear  vibration;  rarxlom  vibration;  im- 
pedance methods;  statistical  energy  analysis; 
seismic  induced  vibration;  machine  tool  chatter 

Professor  J.F.  Hamilton 
Purdue  University 
Ray  W.  Herrick  Laboratories 
West  Lafayette,  IN  47907 
(314)  749-6317 


THE  XHTH  CONFERENCE 
ON  MACHINE  DYNAMICS 


The  conference  will  be  held  between  April  23-27, 
1979,  in  the  High  Tatra  Mountains,  with  international 
participation,  by  the  Institute  of  Machine  Mechanics 
of  the  Slovak  Academy  of  Sciences,  in  cooperation 
with  the  Institute  of  Thermomechanics  of  the  Czech- 
oslovak Academy  of  Sciences,  the  Polish  Academy 
of  Sciences  and  under  the  sponsorship  of  IFToMM. 
For  further  information  contact  the  Organizing 
Committee,  Xllth  Conference  on  Machine  Dynamics, 
Institute  of  Machine  Mechanics,  Slovak  Academy 
of  Sciences,  809  31  Bratislava,  Czechoslovakia, 
Dubravska  cesta. 
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ANALYSIS  AND  DESIGN 


ANALYTICAL  METHODS 


78-907 

On  Least  Squares  Approximations  to  Indefinite 
Problems  of  the  Mixed  Type 

G.J.  Fix  and  M.D.  Gunzburger 
Dept,  of  Mathematics,  Carnegie-Mellon  Univ.,  Pitts- 
burgh, PA,  Inti.  J.  Numer.  Methods  Engr.,  12  (3), 
pp  453469  (1978)  12  figs,  7 refs 

Keywords:  Least  squares  method.  Flutter 

A least  squares  method  is  presented  for  computing  approxi- 
mete  solutions  of  indefinite  partiel  differential  equations 
of  the  mixed  type  such  as  those  that  arise  in  connection  with 
transonic  flutter  analysis.  In  this  work  the  method  is  for- 
muieted  end  numerical  rasults  for  model  problems  are 
presented.  Some  theoreticel  aspects  of  least  squares  approxi- 
mations are  also  discussed. 


INTEGRAL  TRANSFORMS 

(See  No.  954) 


OPTIMIZATION  TECHNIQUES 


78-908 

Optimal  Deaipi  of  DynamkaBy  Loaded  Continuous 
Structures 

E.J.  Haug,  Jr.  and  T.-T.  Feng 

College  of  Engrg.,  The  Univ.  of  Iowa,  Iowa  City,  lA, 
Inti.  J.  Numer,  Methods  Engr.,  1^  (2),  pp  299-317 
(1978)  7 figs,  2 tables,  18  refs 

Key  Words:  Beams,  Plates,  Transient  response.  Minimum 
weight  design 

A computational  algorithm  is  developed  and  applied  for 
optimization  of  beam  and  plate  structures,  subject  to  coiv 
straints  on  trsrtsient  dynamic  response.  A continuous  design 
formulation  is  retaiitad,  with  dyrtamic  response  governed 
by  partial  differential  operator  aquations.  Adjoint  aquationt 
are  employed  for  sanshivitv  analysis  and  a function  u>aca 


gradient  projection  optimization  approach  it  pretented. 
Finite  alamant  analysis  methods  are  applied  for  solution  of 
the  system  dynamic  and  adjoint  differential  equations. 
Displacement  constrained  beam  and  plate  minimum  weight 
examples  are  solved,  with  a variety  of  boundary  conditions. 


78-909 

An  Advanced  Structural  Analyasa/SyntheaB  Capabl- 

ity  - ACCESS  2 

L.A.  Schmit  and  H.  Miura 

Univ.  of  California,  Los  Angeles,  CA.,  Inti.  J.  Numer. 
Methods  Engr.,  12  (2),  pp  353-377  (1978)  8 figs, 
5 tables,  18  refs 

Key  Words:  Minimum  weight  design.  Finite  element  tech- 
nique, Mathematical  programming.  Computer-aided  tech- 
niques, Design  techniques 

An  advanced  automated  design  procedure  for  minimum 
weight  design  of  structures  (ACCESS  2)  is  reported.  Design 
variable  linking,  constraint  deletion,  and  explicit  constraint 
approximation  are  used  to  effectively  combine  finite  element 
arxf  rton-linear  mathematical  programming  techniques.  The 
approximetion  concepts  approach  to  structural  synthesis 
is  extetKied  to  problems  involvirtg  fibre  composite  structure, 
thermal  effects  and  natural  frequency  constraints  in  addition 
to  the  usual  static  stress  aitd  displacement  limitations.  Sample 
results  illustrating  these  new  features  are  given. 


PERTURBATION  METHODS 

(See  No.  984) 


STABILITY  ANALYSIS 

78-910 

Nonlinear  Behavior  of  Flutter  Unatable  Dynamical 
Syatema  with  Gyroscopic  and  Circulatory  Forces 

P.R.  Sethnaand  S.M.  Schapiro 
Dept,  of  Aerospace  Engrg.  and  Mechanics,  Univ.  of 
Minnesota,  Minneapolis,  MN.,  J.  Appl.  Mech.,  Trans. 
ASME,  44  (4),  pp  755-762  (Dec  1977)  4 figs,  18  refs 

Key  Words:  Flutter,  Dynamic  stability 

Postfluttar  behavior  of  nonlinear  discrete  dynamical  systems 
having  a combination  of  gyroscopic  and  circulatory  forces 
are  studied.  The  study  leads  to  Hopf  bifurcations.  The 
method  of  analysis  is  based  on  the  method  of  Hopf  arxi  the 
method  of  integral  manifolds.  The  rasults  of  the  analysis 
are  applied  to  an  example  and  the  accuracy  of  the  analysis 
is  chackad  againn  numerical  solutions  of  the  aquations  of 
motion. 
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78-911 

Dynunic  InsUbility  of  Certain  Conaervative  and 
Non-Conaervative  Syatema 

G.T.S.  Done  and  A.  Simpson 

Univ.  of  Edinburgh,  UK,  J.  Mech.  Engr.  Sci.,  19 
(6),pp  251-263  (Dec  1977)  5 figs,  13  refs 


Kay  Words:  Mathamatical  modalt,  Couplad  systams,  Rato- 
nant  fraquanciat 


Tha  propartiat  of  tha  secular  datamicMntt  ashich  arita  in 
the  study  of  harmonically  couplad  systems  are  further  ax- 
plorad  by  extending  tha  analysis  to  extamally  couplad 
systems.  This  treatment  complatat  tha  modeling  of  such 
vibrating  systems  at  long  chains  of  point-mattM  «vKh  fraa 
or  fixed  ends.  Tha  results  of  tha  present  and  aarliar  analytat 
provide  compact  axprattiont  for  the  normal  frequencies  of 
systams  that  in  fact  may  be  quite  complex.  The  modeling 
of  such  vibrating  systems  in  terms  of  known  resonant  fra- 
quanciet  and  of  the  constants  occurring  in  these  expratsiont 
provides  a new  technique  for  tha  description  of  such  systems. 


Kay  Words:  Dynamic  stability.  Mechanical  systams 


This  paper  it  concerned  primarily  with  the  anaiytis  and 
resolution  of  the  problems  and  contradictiont  that  arise  in 
the  classification  at  conservative  or  non-conservative  of  a 
certain  type  of  dynamical  system.  The  systams  concerned 
have  aquations  of  motion  of  gyroscopic  type  whan  tha  de- 
flections are  expressed  with  reference  to  particular  co-ordi- 
nate axes,  arxj  they  exhibit  dynamic  instability.  Three 
examples  are  contkJerad  which  possess  their  own  special 
characteristics  artd  subtleties;  theta  are  the  rotating  flexible 
asymmetric  shaft,  the  helicopter  ground  resonance  system 
and  the  clamped  clamped  flexible  tube  conveying  fluid. 
For  each  of  these  cates,  the  energy  input  mechanism  it 
examirtad  and  the  problems  of  classification  resolved. 


DIGITAL  SIMULATION 

(Also  see  No.  1046) 


78-914 

DigiUl  Proceaaing  of  System  Responses 

D.  Rees 

Dissertation,  Ph.D.,  Polytechnic  of  Wales,  UK,  250 
PP  (1976) 

UM  1 /2957c 


78-912 

On  the  Application  of  the  Enei^  Method  to  the 
Stablity  Problem  of  Nonconservativc  Autonomous 
and  Nonautonomous  Systems 

H.H.E.  Leipholz 

Dept,  of  Civil  Engrg.,  Univ.  of  Waterloo,  Waterloo, 
Ontario,  Canada  N2L  3GL,  Acta  Mech.,  28  (1-4), 
PP  113-138  (1977)  10  figs,  8 refs 


Key  Words:  Measurement  techniques.  Dynamic  propartif. 
Digital  tachniquas.  Spectrum  analysis,  Fourier  transformation 


This  thesis  describas  an  investigation  into  tha  developmant  of 
techniques  for  tha  maasuramant  of  system  dynamic  charac- 
teristics based  on  digital  processing  methods.  Tha  tachniquas 
are  davalopad  to  meet  tha  raquiramants  of  rapid  maasure- 
mant  tinsa,  none  and  harmonic  rajaction  capability  arxi  ease 
of  interpretation  of  results.  A computational  procadura  using 
spectral  methods  and  based  on  tha  fast  Fourier  transform  is 
dascribad,  which  considars  a psaudorarxlom  birtary  saquanca 
as  a series  of  sirta  waves  of  'discrata'  frequaiwias  of  wall 
defined  amplitudas  and  phase  relationships.  Throe  computa- 
tional algorithms  have  boon  conskfarad,  tha  discrete  Fourier 
transform,  tha  radix-2  fast  Fourier  transform,  and  tha  mixed 
nidix  fast  Fourier  transform. 


Kay  Words:  Energy  methods.  Stability  methods.  Mechanical 
systams 


Tha  energy  approach  is  extandad  to  cover  tha  stability  prob- 
lem of  nonconsarvativa  mechanical  systems.  The  aigertvalua 
curve  is  obtained  by  the  condition  that  a certain  matrix  ba 
singular,  and  flutter  loads  follow  from  the  raquiramant  that 
tha  derivative  of  tha  determinant  of  this  matrix  with  respect 
to  tha  frequency  of  tha  motion  be  zero. 


MODELING 


78-915 

DevalspMMit  of  a Uuified  Approach  to  the  Shnula- 
tioa  of  Static  ami  DyMuate  B^avior  of  Lai^e  Mohflc 
Hydraulic  Sytteoaa 

S.K.R.  Iyengar 

Ph  D.  Thesis,  Oklahoma  State  Univ.,  125  pp  (1977) 
UM  7801269 


78-913 

Vibration  of  Fixcd-Ended  Linear  Qiaina  of  Dixtete 
Point  - Maaaea  and  Tri-Diagonal  Secular  Detenninants 

O.R.  Ainsworth,  C.K.  Liu,  and  R.A.  Mann 

Univ.  of  Alabama,  University,  AL,  J.  Franklin  Inst., 

304  (2/3),  pp  101-119  (Aug/Sept  1977)  4 figs,  2 refs 


Kc  ■ Words:  Hydraulic  aquipmant.  Digital  simulation 
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This  study  contidars  the  digital  simulation  of  large  mobile 
hydraulic  systems.  The  objective  is  to  develop  a unified 
aiHiroach  to  the  portrayal  of  static  and  dynamic  behavior 
of  such  systems.  A digitel  simulation  program  basad  on  the 
new  canonical  forms  is  developed  and  an  axampla  system 
analysed  to  illustrate  its  efficacy.  A method  for  quelitative 
ifrpraisal  of  lerge  systems  is  developed  end  used  to  examine 
the  behavior  of  the  example  system. 
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Seimic  Oiuliflcatioii  of  Syeteme,  Structures,  Equip- 
ment and  Components 

E.G.  Fischer 

Mechanics  Dept.,  Westinghouse  R & D Center, 
Pittsburgh,  PA  15235,  Nucl.  Engr.  Des.,  46.  (1), 
pp  151-168  (Mar  1978)  22  figs,  10  refs 

Key  Words:  Nuclear  power  plents,  Stendards  and  codes. 
Seismic  design 

The  purpose  of  this  paper  is  to  give  an  overview  of  the 
various  qualification  procedures  evallable  to  the  vertdors 
of  rtucleer  power  plants  and  equipment  for  hopefully  echiev- 
ing  NRC  (Nuclear  Regulatory  Commission)  plant  licensing 
and  overall  guaramaad  safe  operation.  These  procedures 
usually  involve  computer-akfad  analyses  for  large  systems 
and  structures,  but  trend  toward  shaking  table  tests  for 
small  equipment  and  components. 


78-917 

Procednrca  Mannal.  Dynamic  Stability  Analysu 
for  U.S.  Navy  Small  Craft 

J.G.  Koelbel 

Asset  Inc.,  Fairfax,  VA,  Rept.  No.  23095-1,  80  pp 
(Jan  1977) 

AD-A047  493/2GA 

Key  Words:  Manuals  and  harxfbooks.  Ships,  Dynamic 
structural  analysis 

i This  manual  presents  the  procedures  and  background  in- 

formation  necessary  to  perform  a transverse  dynamic  stabil- 
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78-918 

Ride  and  Handling  Dynamics  of  Road  Vehiclet 
(A  Review  of  Recent  Literature) 

F.D.  Hales 

Univ.  of  Tech.,  Loughborough  Leicestershire  LE11 
3TU,  UK.  Shock  Vib.  Dig.,  10  (3),  pp  3-8  (Mar 
1978)  59  refs 

Key  Words:  Reviews,  Ground  vehicles.  Ride  dynamics. 
Human  response 

This  is  a brief  review  of  road  vehicle  ride  and  handling 
dynamics  since  1975.  The  literature  it  grouped  as  follows: 
ride  quality,  including  vehicle  design,  measurements  of 
quality,  human  raux>nte  to  motions,  and  evaluation  tech- 
niquet;  arxl  handling,  including  tires,  bicycles,  automobiles, 
and  trucks.  The  article  concludes  with  a discussion  of  trends 
in  vehicle  ride  and  handling  dynamics. 


78-919 

Linear  Elastic  Wave  Propagation.  An  Annotated 
Bibliography:  Part  II 

R.A.  Scott 

Dept,  of  Applied  Mechanics  and  Engrg.  Science, 
Univ.  of  Michigan,  Ann  Arbor,  Ml  48109,  Shock 
Vib.  Dig.,  10  (3),  pp  11-39  (Mar  1978)  429  refs 

Key  Words:  Reviews,  Elastic  waves.  Wave  propagation 

This  survey  of  the  literature  on  linear  elastic  wave  propage- 
tion  consists  of  two  parts.  Part  I covers  homogeneous  iso- 
tropic media.  Part  II  covers  discretely  nonhomoganeous 
madia,  continuous  nonhomogetteous  media,  anisotropic 
madia,  and  diffraction. 
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Parametric  Vibration.  Part  III.  Current  Problems  (1) 

R.A.  Ibrahim 

Arab  Organisation  for  Industrialisation,  Sakr  Fac- 
tory for  Developed  Industries,  P.O.  Box  33,  Helio- 
polis, Cairo,  Egypt,  Shock  Vib.  Dig..  10  (3).  pp  41- 
57  (Mar  1978)  204  refs 
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members.  Rods,  Beams,  Pipes  (tubes).  Plates,  Shells 
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This  survey  of  the  theory  of  parametric  vibration  and  its 
related  current  problems  consists  of  five  review  articles. 
The  titles  are:  I.  Mechanics  of  Linear  Problems,  II.  Mech- 
anics of  Nonlinear  Problems,  III.  Current  Problems  (1), 
IV.  Current  Problems  (2),  V.  Stochastic  Problems.  Current 
problems  having  to  do  with  the  free  surface  of  liquids  in 
closed  containers;  rods,  beams,  and  pipes,  plates;  and  shellt 
are  reviewed  in  this  article. 


78-921 

Automobile  Safety:  Seat  Belts  (A  Bibliogra|^y 
with  Abstracts) 

M.E.  Young 

National  Tech,  Information  Service,  Springfield,  VA, 
191  pp  (Dec  1977) 

NTIS/PS-77/1146/8GA 

Key  Words:  Bibliographies.  Automobiles,  Saat  belts.  Col- 
lision research  (automotive! 

The  development  and  use  of  passive  safety  restraint  systems 
in  motor  vehicles  are  abstracted  in  the  bibliography. 


78-922 

Automobile  Safety:  Bumpers  (Citations  from  the 
NTIS  Data  Base) 

M.E.  Young 

National  Tech  Information  Service,  Springfield,  VA, 
56  pp  (Dec  1977) 

NTIS/PS-77/1147/6GA 


Kay  Words:  Bibliographies,  Automobiles,  Bumpers,  Energy 
absorption.  Crashworthiness,  Collision  research  (automotive! 

The  energy  absorption  qualities  of  automobile  bumpers 
play  an  important  part  in  vehicle  safety  programs  Federally- 
fundad  reports  on  bumper  tests,  design,  materials,  and 
crashworthiness  are  cited  in  the  bibliography. 


TUTORIAL 


78-923 

Research  Activities  of  the  Institute  of  Sound  and 
Vibration  Research.  Annual  Report  for  the  Year 
EndiuK  March  1977 

Inst,  of  Sound  and  Vibration  Research,  Southampton 
Univ,UK,43pp  (1977) 

N78  14446 


Kay  Words:  Test  facilities 

Activities  are  reported  in  the  following  fields:  fluid  dy- 
namics and  acoustics,  automotive  noise,  operational  acoustics 
and  audiology,  structural  dynamics,  and  industrial  noise 
and  condition  monitoring. 


MODAL  ANALYSIS  AND  SYNTHESIS 


78-924 

A Modal  Analysis  for  the  Damped  Linear  Gyro- 
scopic Systems 

H.B.  Hablanl  and  S.K.  Shrivastava 
Indian  Inst,  of  Science,  Bangalore  560012,  India, 
J.  Appl.  Mech,,  Trans.  ASME,  ^ (4),  pp  750-754 
(Dec  1977)  2 figs,  10  refs 

Key  Words:  Damped  structures.  Modal  analysis 

A modal  analysis  of  a flexible  linear  damped  gyroscopic 
system  is  developed  here.  The  simple  structure  of  the  cor- 
responding real  constant  generally  nonsymmatric  dynamic 
matrix  allows  the  use  of  the  biorthogorMlity  ralation  and 
dual-expansion  theorem  for  a linear  operator  in  a vector 
space.  A closed-form  response  to  both  periodic  forces  and 
general  initial  corKlitions  is  thus  obtained.  The  method  it 
illustrated  by  deriving  the  response  of  an  inertially  coupled 
gravity-stabilized  pervasively  damped  satellite. 


78-925 

Dynamic  Reaponae  of  Linear  Damped  Continuoiu 
Stnictural  Members 

J.S.  Strenkowski 

Ph.D.  Thesis,  Univ.  of  Virginia,  244  pp  (1977) 
UM  7800446 

Key  Words:  Modal  analysis.  Structural  members.  Damped 
structures.  Beams,  Plates,  Shellt,  Shafts 

This  dissertation  presantt  a comprehensive  theory  for  the 
dynamic  remonse  of  continuous  damped  structural  mambert 
using  a modal  analysis.  The  theory  involves  a general  formula- 
tion which  depends  only  on  the  aquations  of  motion  and  it 
indepeiKfent  of  any  particular  structural  member.  This 
general  framework  includes  all  present  linear  models  of 
damping,  non-homogeneout  boundary  and  in-tpan  condi- 
tions, and  arbitrary  forcing  functions,  all  of  which  arc  ap- 
propriate for  both  telf-adioint  or  non-seif-adjoint  tyttamt 
of  aquations.  Several  structural  members  are  presented  to 
illustrate  application  of  this  general  theory  in  determining 
the  dynamic  rttponsa.  Theta  mambart  include  beams,  plates, 
shells,  and  rotating  shafts. 
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78-926 

Hybrid  Stnictum  of  Revolution 

D.  Bushnell 

Palo  Alto  Research  Lab.,  Lockheed  Missiles  and 
Space  Co.,  Inc.,  Palo  Alto,  CA,  Rept.  No.  LMSC- 
D564369,  75  pp  (Sept  1977) 

AD  A047  982/4GA 

Key  Wordc  Eigenvalue  problamt.  Computer  programs, 
BOSOR  (computer  program) 

This  report  consists  of  a brief  description  of  the  imple- 
mentation of  a new  equation  solving  and  eigenvalue  extrac- 
tion package  into  BOSOR6  la  program  for  the  analysis  of 
hybrid  structures  of  revolution)  and  a new  user's  manual 
for  BOSOR4. 


78-927 

The  Effects  of  External  Stores  on  the  Flutter  of  a 
Non-Uniform  Csuitilever  Wing 

V.C.  Sherrer 

School  of  Engrg.,  Air  Force  Inst,  of  Tech.,  Wright- 
Patterson  AFB,  OH,  Rept.  No.  AFIT/GAE/AA/ 
77D13,  104  pp  (Dec  1977) 

AD  A048  360/2GA 

Key  Words:  Wing  stores.  Aircraft  wings.  Flutter,  NASTRAN 
(computer  program).  Computer  programs.  Finite  element 
techniques 

A computer  study  of  the  affects  of  external  stores  simulated 
by  lumped  mattes  was  conducted  with  a finite  element, 
cantilever,  nonuniform  wing  model.  The  NASTRAN  (Level 
16.0)  computer  program  flutter  format  was  utad  to  obtain 
flutter  tpaadt  and  fraquetKiet. 


ENVIRONMENTS 


ACOUSTIC 

(Also  see  Nos  949,989, 1009, 1010, 1013) 


78-928 

Optimum  Design  of  Structures  of  Composite  Mate- 
rials in  Response  to  Aerodynamic  Noise  and  Noise 
Transmission 

J.C.S.  Yang  and  C.Y.  Tsui 

Maryland  Univ.,  College  Park,  MD,  Rept.  No.  NASA- 
CR-1 55332, 48  pp  (Dec  9, 1977) 

N78-13132 

Key  Words:  Sound  waves.  Wave  propagation,  Wavee.  tenua- 
tion.  Composites 

Elastic  wave  propagation  and  attenuation  in  a mod  I fiber 
matrix  was  investigated.  Damping  charactaristict  in  g-aphite 
epoxy  composite  materials  wars  measured.  A sounc  trans- 
mission test  facility  suitable  to  incorporate  into  NASA 
Ames  wind  tunnel  for  measurement  of  transmission  lots  due 
to  sound  generation  in  boundary  layers  was  constructed. 
Measurement  of  transmission  lots  of  graphite  epoxy  com- 
posite panels  was  also  included. 


78-929 

Aircraft  Noise  and  Structural  Vibration 

J . Wesler 

SA/,  Sound  Vib.,  12  (2),  pp  24-28  (Feb  1978) 
8 figs,  1 table,  7 refs 

Key  Words:  Aircraft  noise.  Acoustic  excitation.  Vibration 
response.  Buildings 

Noise-induced  structural  vibration  is  one  potential  impact 
from  Concorde  SST  operations  into  U.S.  airports.  Noise 
measurements  made  during  the  first  12  months  of  Concorde 
SST  operations  at  Dulles  International  Airport  are  examined 
to  compare  the  potential  for  such  impacts  by  the  Concorde 
SST  and  conventional  subsonic  long-range  aircraft,  for  a 
"worst-case"  location  directly  under  the  approach  path. 


78-930 

Coupled  Vibration  of  a CylindricsJ  Shell  for  Ra- 
diating High  Intenaty  Ultrasound 

E.  Mori  and  K.  Yamakoshi 

Research  Lab.  of  Precision  Machinery  and  Electron- 
ics, Tokyo  Inst,  of  Tech.,  Nagatsuta,  Midoriku, 
Yokohama  227,  Japan,  Ultrasonics,  16^(2),  pp  81- 
83  (Mar  1978)  5 figs,  3 refs 
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K«v  Words;  Cylindrical  shallt.  Acoustic  radiation.  Coupled 
response 

The  coupled  vibrations  of  a cylindrical  shell  iwere  analyzed 
by  a new  method  that  we  called  ‘the  apperent-elesticity 
method'.  Several  types  of  radiators  using  cylindrical  shells 
were  designed  on  the  basis  of  analytical  results  and  several 
acoustical  characteristics  were  measured.  The  analytical 
results  were  compared  to  experimental  data. 


78-931 

Radiated  Power  aiid  Radiation  Loading;  of  Cylin- 
drical Surfacea  with  Nonuniform  Velocity  Dia- 
tributiona 

P R.  Stepanishen 

Dept,  of  Ocean  Engrg..  Univ.  of  Rhode  Island, 
Kingston,  Rl  02881,  J.  Acoust.  Soc.  Amer.,  ^ 
(2|,pp  328-338  (Feb  1978)  11  figs,  12  refs 

Key  Words;  Interaction;  solid-fluid.  Cylinders,  Vibrating 
structures.  Fluid-induced  excitation,  Sound  waves 

A general  approach  is  presented  to  evaluate  the  radiation 
loading  arxl  radiated  power  from  a nonuniform  harmonically 
vibrating  surface  on  an  infinite  cylinder.  The  w>Proach 
utilizes  a combined  Green's  futtction  and  Fourier  integral 
technique  to  develop  integral  expressions  for  the  generalized 
radiation  impedatKe  arxf  power  radiated  from  the  surface. 


78-932 

Soiuid  Radiatioa  from  an  Accelerated  or  Decelerated 
Sphere 

A,  Akay  arxl  T.H.  Hodgson 

Center  for  Acoustical  Studies,  North  Carolina  State 
Univ.,  Raleigh,  NC  27607,  J.  Acoust.  Soc.  Amer., 
63  (2),  pp  313-318  (Feb  1978)  6 figs,  20  refs 

Key  Words;  Spheres,  Sound  waves.  Wave  propagation 

A careful  review  of  the  current  literature  hat  lad  to  a irtore 
complete  theoretical  analysis  of  the  sound  radiation  from 
an  acr»leratad  or  decelerated  n>here.  The  acoustic  field 
has  been  calculated  for  an  accelerated  sphere  in  an  arbitrary 
fluid  medium,  which  shows  the  effect  of  the  fluid  density 
on  the  radiated  sound  pressure.  The  radiated  sound  pressure 
from  an  impulsively  acceleratad  sphere  hat  been  compered 
with  a finite  acceleration  cate  in  order  to  emphasize  the 
effect  of  the  rate  of  change  of  velocity  on  the  pressure 
waveform.  Energy  calculations  have  been  made  in  both  the 
titTW  and  frequency  domains  in  order  to  identify  the  sources 
of  radiated  acoustic  energy  and  the  stored  nearfield  eneqiy 
and  alto  to  demonttrata  conclutivaly  that  the  energy  lost 
in  the  accalerstion  or  deceleration  it  dissipated  at  sound. 
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78-933 

Simtilation  of  Strong  EartlK|uake  Motion  with 
Exploiive  Line  Source  Arrays 

G.R.  Abrahamson.  H.E.  Lindberg,  and  J.R.  Bru(» 
Stanford  Research  Inst.,  Menlo  Park,  CA,  Rept. 
No,  NSF/RA  770306,  52  pp  (Oa  1977) 

PB-275  220/2GA 

Key  Words;  Simulation,  Earthquakes 

This  report  describes  an  experimental  investigation  of  the 
feasibility  of  simulating  strong  earthquake  motion  with 
osntained  explosive  line  source  arrays.  The  technique  consists 
of  detonating  a plane  array  of  vertical  line  sources  placed 
in  the  vicinity  of  the  structure  to  be  tested.  ReuseWe  hard- 
ware was  developed  for  producing  contained  explosiont  in 
a 1/3-tcale  source,  instrumentation  was  incorporated  for 
hardware  diagnostics  and  output  measurements,  reasonable 
acceleration  and  frequencies  were  obtained  in  toil  with  the 
1/3-tcale  source,  and  repeatable  results  were  demonstrated. 


SHOCK 

(Also  see  Nos.  956, 999, 1(XX),  1021,  1049) 


78-934 

Reflectionleas  Paaeage  of  a Hyperdetoaatiou  Shock 
Wave  Through  a Jump-Like  Nonhomogeneity 

S.  Kaliski 

Inst,  of  Plazma  Physics  and  Lazer  and  Microsynthesis, 
P.O.  Box  49,  (X)-908,  Warsaw  49,  Poland,  Bull.  Acad. 
Polon.  Sci.,  Ser.  Sci.  Tech.,  25  (10),  pp  333-336, 
953-956  (1977)  6 refs 

Key  Words;  Shock  wave  propagation 

Conditions  of  raflactionleat  passage  of  a plane  hyperdetona- 
tion  shock  wave  through  a jump-like  nonhomogeneity  are 
esteblithed.  Anelogout  sohitiont  for  an  ordinary  shock  wava 
are  discutaad  as  a limiting  cate.  The  problam  contidersd  are 
euxiliary  problamt  for  thermonuclear  microfution  of  the 
explotion  type. 
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78-935 

Tactical  Implicatiou  of  Air  Blaat  Variatioaa  from 
Noclcar  TeaU 

J.E.  Cockayne  and  E.V.  Lofgren 
Science  Applications,  Inc.,  McLean,  VA,  Rept.  No. 
SAI-76-677-WA,  DNA-4246F,  AD-E300  069,  160  pp 
(Nov  30, 1976) 

AD-A048  802/3GA 

Kay  Words:  Nuctaar  axplosion  affaets,  Oamaga  pradietion 

Tha  obtactiva  iwat  to  ttmm  tht  rationala  for  additional 
nuclaar  tatts  Mdilch  Mould  produoa  a battar  pradictiva  cap- 
ability for  tactical  Mast  anvironmanti.  Tha  work  dascrtoad 
harain  indudat  tha  followirtg:  rafinamant  at«d  ooncia  synop- 
sis of  tha  thaoratical  and  ampirical  basis  for  tha  rationala 
aswssmant;  tastiirg  of  tha  assumption  of  a lognormal  dis- 
tribution for  tha  maasuramants;  araf  an  analysis  of  varianoa 
for  soma  blast  data  to  ascartain  if  systamatic  arrors  (biasas) 
could  axist  which  might  raquira  additional  maasuramants. 
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Feeaiiiity  of  Uimg  HE  ia  Model  Teala  of  Stnictarea 

S.J.  Hung,  J.L.  Merritt,  and  K.D.  Seifert 
Merritt  Cases,  Inc.,  Redlands,  CA,  Rept.  No.  76- 
011-T1,  DNA-4219F,  SBIE-AD-E300  061,  71  pp 
(Apr  1 , 1977) 

ADA047  976/6GA 

Key  Words;  Underground  structures.  Modal  tasting.  Ex- 
plosions, UndargroutKf  explosions 

This  report  presents  tha  results  of  examining  tha  feasibility 
of  using  gun  propallams  to  obtain  dasirabla  prassura  sources 
for  modal  tests  of  daap-basad  facilitiat.  Numerous  calcula- 
tiorts  and  axparimants  were  performed. 


78-937 

Aa  Overview  of  Major  Aipecta  of  tke  AircrafI  Impact 
frobicm 

H.  Kamil,  N.  Krutzik,G.  Kost,and  R.  Sharpe 
Tech.  Dev.,  Engrg.  Decision  Analysis  Co.,  Inc. 
(EDAC),  480  California  Ave.,  Suite  301,  Palo  Alto, 
CA  94X6,  Nucl.  Engr.  Des.,  4£  (1),  pp  109-122 
(Mar  1978)  1 3 figs,  60  refs 

Kay  Words:  Crash  rasaarch  (airetatti.  Nuclear  power  plants 

This  paper  idarKlfies  tha  major  aspects  of  tha  aircraft  impact 
problam  arW  spotlights  tha  moat  ralavant  topics  for  future 
itarastigations.  Tha  amphasis  Is  on  thraa  main  topies:  trxxlal- 
big  tachniquas,  influence  of  nort-llnaar  bahavior,  and  impor- 


tance of  damping  in  tha  dyttamic  structural  ramonsa  analytes 
for  aircraft  impact  loading.  Results  are  prasentad  from  brief 
studies  involving  ratponta  of  linaar  and  nonlinear  simple 
tyttams  to  short-duration  impulsivo  loadings  of  tha  aircraft 
impact  type.  An  axtantiva  IHaratura  survay  it  carried  out 
on  tavaral  major  topics  pertinent  to  tha  aircraft  impact 
problam,  artoompasting  various  ditciplinat  of  anginaaring. 
Results  atxf  discussions  on  tha  basis  of  this  litaratura  survey 
are  prasentad  for  major  topics. 
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78-938 

Lopgitudmal  Heat  Propagatiop  in  Throe-niaae  Lamin- 
ated Compontea  at  High  Exciting  Freqneneiea 

G.  Horvay,  8.  Gold,  and  E.S.  Kaczenski 

Univ.  of  Massachusetts,  Amherst,  MA,  ASME  Paper 

No.  77-WA/HT-10 

Key  Words:  Composita  materials.  High  frequency  excitation, 
Ksrmonic  excitation 

Tha  rniid  variation  of  tamparaturs  ttear  tha  interfaces  in  a 
2-n«atarial  MFMFM_..-typa  composita,  harmonically  axcitad 
at  tha  edge  is  examined  with  a binder  layer  B,  of  volume 
fraction  f0,  batwaan  matrix  M (voluma  fraction  f|^)  and 
filler  F (voluma  fraction  fp),  cresting  an  MBFBMB....-tvpa 
composite.  Tha  role  such  a biitdar  plays  in  affecting  haat 
propmetfon  >*  discussad. 


78-939 

A Mechinkel  Model  for  Fiber-Reinforced  and  Par- 
ticalate  Composites 

D.  Turhan 

Dept.  Engrg.  Sciences,  Middle  East  Tech.  Univ., 
Ankara,  Turkey,  Acta  Mech.,  28.  (1-4),  pp  219- 
2X  (1977)  5 figs,  18  refs 

Kay  Words:  Composita  mstarialt.  Fiber  compositat.  Mathe- 
matical modalt.  Harmonic  waves.  Wave  propagation 

A sat  of  dhplecamant  aquations  of  motion  suitaMa  for 
dascrttiing  tha  dynamic  bahavior  of  oomposits  matarialt  is 
darNsd.  Tha  composita  material  may  be  a fliar-reinforoad 
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compotiM  or  a particulata  oompoaita.  Tha  compoiita  it 
rtpraiamad  by  a lattiea  modal  in  wbldi  tha  oontinuout  matt 
dittrKiution  of  tha  actual  body  it  raplacad  by  a tyttam  of 
ipringt  attachad  to  tmall  rigid  mattit.  Effactiva  valuat  ara 
datarminad  for  tha  mattat  of  tha  rigid  bodiat  and  tha  ttiff- 
nataat  of  tha  tpringt. 


ELASTIC 


78-940 

TIm  Tonional  Analyiu  of  Steady  State  and  Tranaent 
Wave  Propagation  in  Elaatic  Cylinders 

C.  Ni 

Ph  D.  Thesis,  Tennessee  Tech.  Univ.,  103  pp  (1975) 
UM  7801450 

Kay  Wordt:  Torsional  ratpontt.  Wave  propagation,  Cylin- 
dart.  Elastic  propartiat 

A number  of  different  invattigationt  concerning  torsional 
wave  propagation  in  elastic  matarialt  ware  davelopad.  The 
propagation  of  transient  wet  in  a taroi-infinite  circular 
rod  was  axaminad  in  detail,  both  analytically  and  numer- 
ically. A double-integral  transform  was  presented  as  a means 
of  formulating  an  exact  solution  in  which  a torsional  shear 
ttreu  was  applied  to  the  end  surface  for  a cylindrical  rod. 
Tha  numerical  solution  was  obtained  based  upon  tha  method 
of  characteristics.  Tha  resulting  compattollity  aquations  were 
in  a form  suitable  for  solution  by  a method  of  finite  dif- 
ferences. 


FATIGUE 


78-941 

Random  Load  Sinolation  in  Laboratory  Fatigne 
Taatiag 

J.M  Lee  and  K.G.  McConnell 

Seoul  National  Univ.,  Seoul,  Korea,  SAE  Paper  No. 

780101, 1 6 pp,  13  figs,  21  refs 

Key  Words:  Fatigue  tests.  Random  excitation.  Simulation 

This  paper  presents  the  theory  and  hardware  to  simulata 
non-logllnsar  mectra  (the  typical  field  case),  including  a 
unique  method  of  eliminating  low  amplltuda  levarsals  to  that 
any  tarvica  load  history  of  hl(ti  cycle  fatlgua  can  be  thnu- 
latad  in  a laboratory  fatigue  test.  Tha  feastiNIty  of  the 
proposed  quatl-slatlonary  rarxiom  process  to  simulata  the 
three  standard  SAE  load  histories  on  a statistical  bash  It 
damonatraiad  on  both  the  theoraiical  and  experimental 
baala. 


78-942 

Higk-Frei|weney  Tonaoiud  OaciUtiona  - I.  Penny- 
Shaped  Crack  in  an  Inhomogeneoiu  Medium 

O.D.  George 

Dept,  of  Mathematics,  Univ.  of  Calabar,  Calabar, 
Nigeria,  Inti.  J.  Engr.  Sci.,  16  (2),pp  109-122  (1978) 
14  refs 

Kay  Wordt:  Torsional  vibration.  High  frequency  response. 
Cracked  madia.  Discontinuity-containing  madia 

Tha  problam  of  an  inhomogarwout  medium,  whose  shear 
modulus  and  density  vary  exponentially  with  radius,  con- 
taining a penny-shaped  crack  undergoing  high-frequency 
torsional  oteillationt  h reduced  asymptotically  to  Wianar- 
Hopf  integral  aquation  and  solvad  by  Carlaman't  method. 
Uniformly  valid  asymptotic  rasuits  are  obtained.  Explicit 
axprestions  are  derived  for  tha  ixtmMl  displacantant  gradient 
outside  the  crack  region,  the  stress-intensity  factor  and  tha 
energy  of  the  crack. 


78-943 

High-Fiequcucy  Tonioiial  OaciUtsoua  - II.  The 
Reiamet^Sagocci  Problem  at  Higb  Frequeuciea 

O.D.  George 

Dept,  of  Mathematics,  Univ.  of  Calabar,  Calabar, 
Nigeria,  Inti.  J.  Engr.  Sci.,  lg.(2),  pp  123-129  (1978) 
1 0 refs 

Key  Words:  Torsional  vibration.  High  fraquancy  response. 
Discontinuity-containing  media 

Tha  Raissnar-Sagooei  problem  at  high-frequencies  for  an 
elastic  medium  with  axportamially  varying  shaar  moduius 
and  density  in  tha  radial  direction  is  asymptotically  reduced 
to  a Wianer-Hopf  integral  aquation  whose  solution  is  ob- 
tained by  Carleman's  method.  Uniform  asymptotic  results 
are  obtained.  Explicit  results  are  given  for  the  dimlaoamant 
outside  the  rigid  disc,  the  moment  of  the  applied  forces 
nacessacy  to  oscillate  the  disc,  and  tha  ampIKuda  of  oscil- 
lation of  tha  disc. 


FLUID 

(Also  sea  Nos.  907, 975, 976, 1033)  ' 


78-944 

AMad  Maia  Computatiou  by  Ike  Bouudary  bitagral 
Method 

J.A.  Deruiitz  and  T.L.  Geers 

Lockheed  Palo  Alto  Research  Lab.,  Palo  Alto,  CA, 

Inti.  J.  Numer.  Methods  Engr.,  (3),  pp  531-549 


(1978)  9 figs,  3 tables,  16  rets 


tarnate  datign  critaria  ara  offarad. 


Kay  Wordi:  Intaraction:  ttructura-fluid,  Submargad  ttruc- 
turat,  Finita  alamant  technique 

Computational  tachniquai  for  the  traatmant  o)  fluid-ttruc- 
tura  intaraction  affactt  by  diicrate  boundary  intagral  math- 
ode  ara  axaminad.  Attention  ie  focuiad  on  the  computation 
of  the  added  man  matrix  by  finita  alamant  methode  for  a 
structure  submerged  in  an  infinite,  inviscid,  incompressible 
fluid.  A general  computational  procedure  it  presented  that  it 
based  upon  a variational  approach  involving  the  assumption 
of  constant  source  strength  over  each  surface  element.  This 
it  foUotwad  by  an  analysis  of  the  discretization  error  for 
a spherical  body  that  it  than  used  to  develop  a hierarchy 
of  computational  schemas.  These  schemes  ara  than  evaluated 
numerically  in  terms  of  ‘fluid  boundary  modes'  for  a sub- 
merged qiharical  surface. 


78-945 

The  Effect  of  Fluid  Viacoaity  on  Coupled  Tube/ 
Fluid  Vibrations 

T.  Yeh  and  S.  Chen 

Components  Tech.  Div.,  Argonne  National  Lab., 
Argonne,  IL,  Rcpt.  No.  ANL-Cr-77-24,  37  pp  <Apr 
1977)  10  figs,  6 refs 

Sponsored  by  Div.  of  Reactor  Dev.  and  Demonstra- 
tion, U.S.  Energy  Res.  and  Dev.  Administration 

Key  Words:  Interaction:  structure-fluid.  Fluid-induced 
excitation.  Nuclear  reactors 


Many  reactor  systems  contain  small  gaps  between  various 
structural  acxl  machanical  components  to  accommodate 
thermal  expansion.  These  gaps  usuatly  contain  viscous  fluid, 
which  affacts  dynamic  characteristics  of  tha  components 
The  authors  investigate  the  effect  of  fluid  viscositv  on 
oouplad  vibration. 


78-946 

Predicting  Sonic  Vibration  in  Croaa  Flow  Heal 
Excbangera  - Experience  and  Model  Testing 

J.D.  Rogers  and  C.A.  Penterson 

C-E  Power  Systems,  Combustion  Engineering,  Inc., 

Windsor,  CT,  ASME  Paper  No  77  WA/DE-28 

Kay  Words:  Haat  exchangers.  Fluid-induced  excitation. 
Modal  tatting 

In  this  paper,  the  currently  accepted  sonic  vibration  design 
criteria  are  r aviawad  and  then  comssarad  to  boHar  field  data. 
Tha  initial  rasults  from  a laboratory  tatt  program  that  was 
undertaken  to  improve  datign  criteria  ara  praeantad.  Al- 


78-947 

Flow-Induced  Tube  Vibrationa  in  Shell-and-Tube 
Heat  Exchangers 

J.M.  Chenoweth 

Heat  Transfer  Res.,  Inc.,  Alhambra,  CA,  Rept,  No. 
SAN-1273-1, 166  pp  (Feb  1977) 

N78- 13487 

Kay  Words:  Haat  exchangers.  Shells,  Tubes,  Fluid-induced 
excitation 

The  results  of  tha  prasantat'nns  and  discustiont  on  flow- 
induced  tube  vibrationt  among  fourteen  panelists  and  the 
audience  are  summarized.  Areas  for  both  short  term  and 
lortg  term  rasaarch  were  identified  and  recommendations 
mada.  Prepared  statements  by  each  of  the  panelists,  state- 
menM  by  others,  a backgrourxi  technical  report,  a biblio- 
graphy, and  a list  of  workshop  anandaes  are  included  at 
■Sipandicas. 


78-948 

PoMibiKties  of  Reducing  Noiw  front  Hydraulic  Vahrea 

G.  Schmid 

Britisli  Library  Lending  Div.,  Boston  Spa,  UK,  Rept. 
No  BLLNELTT-2737-(e075.461).  13  pp  (1977) 
(Engl  transl.  from  Oelhydraulic  and  Pneumatic, 
11  (2),  pp  89-91, 1977) 

N78 14405 

Kay  Words:  Hydraulic  valves.  Fluid-induced  excitation. 
Noise  reduction 

Noise  amission  from  hydraulic  valves  cased  by  intermittem 
flow  processes  which  arise  at  restriction  point  atxf/or  by 
pressure  pulsations  caused  by  tha  pump  was  examined. 
A simpla  procedure  it  described  for  calculating  tha  acoustic 
retpoma  level  of  a hydraulic  valve  through  liquid  sound. 


78-949 

Prediction  of  Noiae  Aerodynamically  Generated  by 
Control  Vahrea 

N.  Mirizzi,  R.  Stella,  and  D.  Marino 

Universita  di  Bari,  Bari,  Italy,  ISA  Transactions, 

16  (4).  pp  19-22  (1977)  3 figs,  6 refs 

Key  Words:  Vahret,  Noise  prediction.  Fluid-induoad  axelta- 
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An  analysis  of  control  valve  noise  is  developed.  The  study 
considers  the  total  sound  pressure  level  aarodynamically 
generated  by  the  fluid  flow  through  the  control  valves.  In 
this  analysis  the  noise  generated  is  assumed  to  be  part  of  the 
mechanical  power  lost  from  the  inlet  to  the  outlet  section  of 
a valve.  The  analysis  starts  with  a mathematical  formulation 
of  the  mechanical  power  lost,  expressing  it  only  in  measur- 
able quantities. 


SOIL 


78-950 

Soil-Pile  Interaction  Under  Vibratory  Loading 

T Nogarni 

Ph.D.  Thesis,  The  Univ.  of  Western  Ontario  (Canada) 
(1977) 

Key  Words;  Interaction;  soil-structure.  Pile  foundations. 
Stiffness  coefficients.  Damping  coefficients 

When  dynamic  loadings  are  applied  to  the  structure  sup- 
ported by  a pile  foundation,  the  pile  fourxiation  resists  the 
movement  of  the  structure  relative  to  that  of  the  ground. 
Thus,  the  pile  foundation  provides  the  stiffness  and  damping 
to  the  structure.  The  characteristics  of  stiffness  and  damping 
resulting  from  dynamic  soil-pile  interaction  were  not  known. 
This  work  was  concerned  with  this  problem. 


EXPERIMENTATION 


BALANCING 


78-951 

Balancini'  of  a Flexible  Rotor  (The  Fifth  Report, 
Vibration  and  Balavjing  of  a Flexible  Rotor  on 
Flexible  Bearing  with  Viscous  Dsmping) 

K Shimada,  S,  Miwa.and  T.  Nakai 
Aoyarna-Gakuin  Univ.,  Tokyo,  Japan,  Bull.  JSME, 
21  (151 ),  PP  44-50  (Jan  1978)  7 refs 

Key  Words;  Belancing  techniques.  Flexible  rotors.  Rotor- 
bearing systems.  Viscous  damping 

Unbalanced  vibration  of  a flexible  rotor  supported  on  two 


bearings  is  analyzed  for  the  case  of  flexible  support  with 
viscous  damping.  The  analytical  solution  is  obtained  by 
using  the  concept  of  ‘forced  mode'.  The  condition,  as  well 
as  a possible  procedure  to  balance  such  a rotor  is  theora'i- 
cally  demonstrated. 


DIAGNOSTICS 

(Also  see  No.  957) 


78-952 

Using  Signature  Analysis  for  Maintenance  Planning 

Turbomachinery  International,  1£  (2),  pp  42-45 
(Mar  1978) 

Key  Words;  Signature  analysis.  Rotating  structures.  Diag- 
nostic techniques 

Troubleshooting  rotating  machinery  dynamics  related  prob- 
lems through  observation  arxl  analysis  of  vibration  charac- 
teristics,  or  signatures,  is  a widely  accepted  arxf  rapidly 
developing  procedure.  As  the  skills  and  instrumentation 
used  to  analyze  ever  more  tx>mplex  problems  emerge,  more 
emphasis  is  being  placed  upon  systems  and  techniques  which 
identify  incipient  failure  modes  of  operation. 


78-953 

The  (Characteristics  of  Acoustic  Emission  Pulse  from 
Fiber-Reinforoed  Composite 

E.  Altusand  A.  Rotem 

Faculty  of  Mech.  Engrg.,  Technion  - Israel  Inst,  of 
Tech.,  Haifa,  Israel,  Israel  J.  Tech.,  1^(l-2),  pp  79 
87  (1977)  12  figs,  1 table,  6 refs 

Key  Words;  Fiber  composites.  Failure  analysis.  Acoustic 
techniques 

The  failure  process  of  fiber-reinforced  materials  is  artalyzad 
by  acoustic  eminion.  The  energy  emitted  from  crack  devel- 
opment is  predicted  by  analyzing  a micro-machanic  itKidel 
of  fracture. 


EQUIPMENT 


78-954 

Dynamic  Analysis  of  a High-Speed  Electrohydraulk 
Transient  Rod  Drive  System 

F.E.  LeVert 

Argonne  National  Lab.,  Argonne,  IL,  ASME  Paper 
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No.  77-WA/F1CS-8 

Key  Words:  Spectral  energy  distribution.  Fast  Fourier 
transform,  Electrohydraulic  system 

A nonlinear  model  (or  a fast-response  eiec;  ohydraulic 
servosystem  is  developed  which  allows  for  both  large  end 
small  signal  analyses.  The  model  is  designed  to  simulate 
piston  operations  at  and  away  from  the  vertical  center  of 
the  actuator  column.  The  system  model  is  subiactad  to  a 
variety  of  inputs  to  determine  its  dynamic  charactaristicL 
Spectra  densities  of  acceleration  time  histories  generated  for 
various  input  step  demands  are  examined  using  the  Fast 
Fourier  Transform  Technique. 


78-955 

A New  Teat  Rig  for  Truck  Tirea  under  Extreme 
Conditiona  (Ein  neuer  Priifatand  fiir  Nutzfakneu- 
greifen) 

B.  Heissing  and  H.  Miksch 

Meerssener  Str.  8,  5100  Aachen.  Germany,  Auio- 
mobiltech.  Z , 80  (1),  pp  5-8  IJan  1978)  7 figs, 
4 refs 

((n  German) 

Keywords:  Test  stands.  Truck  tires 

At  the  Institute  for  Automobile  Engineering  of  the  Tech- 
nical University  of  Aachen  a 40  kN  Research  Facility  has 
been  installed  to  measure  the  charac'aristics  of  truck  tires 
under  normal  and  extreme  conditions  Its  construction  has 
been  carried  out  especially  to  test  tires  on  concave,  flat 
and  convex  tracks 


FACILITIES 

(Also  see  No.  1039) 


78-956 

Water  Impact  Shock  Teat  Syatem 

SECO-DYN,  Inc.,  Pomona.  CA,  Rept  No.  NASA- 
CR-150473,  85  pp  (Nov  10.  1977) 

N78- 13365 

Keywords:  Test  facilities.  Shock  tests 

The  bat  e obiactive  was  to  design,  manufacture,  and  install 
a shock  test  system  which,  in  part,  would  have  the  ability 
to  subiact  tast  articles  weighing  up  to  1,(XX>  pounds  to  both 
half  sine  and/or  full  sine  pulses  having  peak  levels  of  up  to 
50  G’s  with  half  sine  pulse  durations  of  1(K)  millitaconds  or 
full  sine  period  duration  of  200  miliisaconds.  The  tolerances 
associated  with  the  aforementioned  pulses  were  -•'20%  and 


-10%  for  the  peak  levels  and  plus  or  minus  10%  for  the 
pulse  durations.  The  subject  shock  tast  system  was  to  be 
capable  of  accepting  test  article  sizes  of  up  to  4 feet  by 
4 feet  mounting  surface  by  4 feet  in  length. 


INSTRUMENTATION 


78957 

A Practical  V ibration  Primer.  Part  7 - Isutrumeiitatioii 
for  Analysis 

C.  Jackson 

Monsanto  Chemical  Intermediates  Co.,  Texas  City, 
TX,  Hydrocarbon  Processing,  57  (3).  pp  119-124 
(Mar  1978)  19  figs 

Key  Words:  Diagnostic  techniques.  Test  equipment  and 
instrumentation 

The  amount  and  type  of  instrumentation  necessary  to  per- 
form vibration  analysis  of  rotating  equipment  is  discussed. 


SIMULATORS 

(See  No.  933) 


TECHNIQUES 

(See  No.  936) 


COMPONENTS 


BEAMS,  STRINGS,  RODS,  BARS 

(Also  see  Nos.  908,  977,  9791 

78958 

Unstable  Vibrations  and  Buckling  of  Rotating  Flex- 
ible Rods 

W.D.  Lakin  and  A.  Nachman 

Jniv.  of  Toronto,  Canada.  Q.  Appl.  Math.,  35  (4), 

I'O  479-493  (Jan  1978)  4 figs,  1 6 refs 

Key  Words:  Rods,  Rotating  structures.  Flexural  vibration. 
Rotors 
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A group  of  fourth-order  boundary-value  problemi  auociated 
with  the  small  vibrations  or  buckling  of  a uniform  flexible 
roc  which  is  clamped  at  one  end  and  rotates  in  a plarw 
perpendicular  to  the  axis  of  rotation  is  considered.  The 
vibrations  may  be  in  any  plane  relative  to  the  plane  of 
rotation  and  the  rod  is  off-clamped,  i.e.,  the  axis  of  rotation 
does  not  pass  through  the  rod's  clamped  end. 


78-959 

Theoretical  Study  on  Earthquake  Reaponae  of  a 
Reinforced  Concrete  Chinuiey 

T ^ . Yang,  L.C.  Shiau,and  H.  Lo 
School  of  Aeronautics  and  Astronautics,  Purdue 
Univ.,  Lafayette,  IN,  Rept.  No.  NSF/RA-760716, 
96  pp  (June  3, 1976) 

PB-274  820/0GA 

Key  Words:  Chimneys,  Reinforced  concrete.  Earthquake 
response 

A detailed  dynamic  analysis,  presented  in  a series  of  reports, 
was  conducted  on  the  seismic  response  and  structural  safety 
of  key  subsystems  (steam  generator,  high  pressure  steam 
piping,  coal  handling  equipment,  cooling  tower,  chimney) 
of  Unit  no.  3 of  TVA  at  Paradise,  Kentucky.  Analytical 
and  experimental  methods  are  used  on  the  chimney  and  its 
dynamic  responses  were  analyzed  by  modal  superposition. 


78-960 

Theoretical  Study  of  the  Earthquake  Reaponae  of 
the  Paradiae  Coolin);  Tower 

T.Y.  Yang,  C.S.  Gran,  and  J.L.  Bogdanoff 
School  of  Aeronautics  and  Astronautics,  Purdue 
Univ.,  Lafayette,  IN,  Rept.  No.  NSF/RA-760715, 
81  pp  (June  1976) 

PB-274  81 6/8GA 

Key  Words:  Electric  power  plants.  Cooling  towers.  Earth- 
quake resistant  structures 

A detailed  dynamic  analysis,  presented  in  a series  of  reports, 
was  conducted  on  the  seismic  response  and  structural  safety 
of  key  subsystems  Istaem  generator,  high  pressure  steam 
piping,  coal  handling  equipment,  cooling  tower,  chimney) 
of  Unit  no.  3 of  TVA  at  Paradise,  Kentucky.  Analytical 
and  experimental  methods  are  used.  In  this  study,  the  dy- 
namic behavior  of  the  cooling  tower  is  analyzed,  using 
quadrilateral  plate  and  beam  alamentt  oriented  arbitrarily 
in  space,  following  analysis  and  confirmation  of  their  pre- 
dictiva  value.  Response  to  1940  El  Centro  earthquake  param- 
eters it  studied,  and  assumed  viscous  damping  coefficients 
ere  considered.  Comprahentiva  results,  bated  on  this  re- 
qmnsK.  are  given. 


78-961 

Introduction  to  Wiener-Hopf  Methoda  in  Acouatice 
and  Vibration 

D.G.  Crighton 

Dept,  of  Mech.  Engrg.,  Catholic  Univ.  of  America, 
Washington,  D.C.,  Rept,  No.  DTNSR DC-77-01 12, 
92  pp  (Dec  1977) 

AD-A048  766/OGA 

Key  Words:  Wiener-Hopf  technique.  Strings,  Beams,  Wave 
propagation.  Elastic  waves.  Vibration  response 

The  repon  deals  with  the  application  of  Wiener-Hopf  meth- 
ods to  one-dimensional  wave  motions  on  strings  and  beams, 
and  in  particular  with  the  reflection  and  transmission  from 
discontinuities  in  the  mechanical  properties  of  a string. 
Also  included  is  a section  illustrating  how  a generalized 
Wiener-Hopf  problem  can  be  set  up  for  a three-part  problem 
involving  a string  of  finite  length. 


78-962 

Forced  Flexural  Vibrationi  of  an  Elastic  Beam 
Supported  by  an  Elastic  Half-Space 

H.  Saito  and  FI.  Wada 

Faculty  of  Engrg.,  Tohoku  Univ.,  Sendai,  Japan, 
Bull.  JSME,  21_  (151),  pp  51-55  (Jan  1978)  5 figs, 
6 refs 

Key  Words:  Forced  vibrations.  Flexural  vibrations.  Beams. 
Elastic  pioperties.  Half-space 

This  paper  analyzes  the  plane  stress  problem  of  flexural 
vibrations  of  an  elastic  beam  supported  by  an  elastic  half- 
q>ace  and  subfected  to  a sinusoidally  varying  force  at  the 
free  end  of  the  beam. 


78-963 

Transverse  Vibrations  of  Cantilever  Beams  Having 
Unequal  Breadth  and  Depth  Tapers 

3.  Downs 

Dept,  of  Mech.  Engrg.,  Loughborough  Univ.  of 
Tech.,  Loughborough,  Leicestershire,  LE11  3TU,  UK, 
J.  Appl.  Mech,,  Trans.  ASME.  ^ (4).  pp  737-742 
(Dec  1977)  6 figs,  9 tables,  27  refs 

Key  Words:  Cantilever  beams.  Variable  cross  section.  Wed- 
ges, Flexural  vibration 

Natural  frequencies  of  doubly  symmetric  cross  section, 
isotropic  cantilever  beams,  based  on  both  Euler  and  Timo- 
shenko theories,  are  presented  for  36  combinations  of 


liiwar  d«pth  and  braadth  taper.  Raniltt  obtained  by  a new 
dynamic  diKretization  technique  include  the  firtt  eight 
fraquanciat  for  all  gaometriet  and  the  ttrmt  diitribution 
pattern*  for  the  firtt  four  (six)  modet  in  the  cate  of  the 
wadge.  Compariiont  are  drawn  wherever  pottible  with  exact 
loiutioni  and  with  other  numerical  ratulti  appearing  in  the 
literature. 


78-964 

Numerical  Smulation  of  the  Air  Uaat  Reiponae  of 
Tapered  Cantlever  Beams 

G.V.  Price 

Defence  Res.  Establishment,  Suffield,  Ralston, 
Alberta,  Canada,  Rept.  No.  ORES-TECHNICAL 
PAPER-447,  46  pp  (Nov  1977) 

AD-A048  356/OGA 

Key  Words:  Antennas,  Cantilever  beams.  Variable  cross 
taction.  Blast  response 

A numerical  procedure  is  developed  to  predict  the  elastic 
response  of  variable  cross-section  cantilever  beams  when 
subjected  to  a transient  air  blast  load. 


78-96S 

Blast  Response  of  35  Ft.  Fibreglaat  Whip  Antenna  - 
Event  Dice  Throw 

G.V.  Price  and  C.G.  Coffey 

Defence  Res.  Establishment,  Suffield,  Ralston, 
Alberta,  Canada,  Rept.  No.  DRES-TECHNICAL 
PAPER-448, 48  pp  (Nov  1977) 

AD-A048  357/8GA 

Kay  Words:  Antennas,  Blast  restsonte.  Cantilever  beams 

The  blast  response  of  35  ft  fibreglass  Whip  Antennas  was 
investigated  In  a free-fiald  blast  trial  and  in  numerical  simula- 
tion axperimants. 


78-966 

Cable  Strumming  Suppression 

B E.  Hafen  and  D.J.  Meggitt 

Civil  Engrg.  Lab,  (Navy),  Port  Hueneme,  CA.,  Rept. 
No.  CEL-TN-1499. 103  pp  (Sept  1977) 

AD-A047  996/4GA 

Kay  Words:  Cablet,  Vortex-induced  vibration.  Vibration 
damping 

This  report  presents  a consolidation  of  existing  data  on 
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various  devices  used  to  suppress  vortex-induced  motions  of 
cablet  and  circular  cylinders  in  the  ocean.  The  types  of 
devices  discussed  herein  include  'fringe,'  'hair,'  and  ribbon 
flexible  fairings  and  helical  ridges. 


78-967 

Dynamic  Moduli  of  Continuous  Filament  Yarns 
Subjected  to  Low  Frequency  Excitation  Super- 
imposed on  High  Initial  Longitudinal  Strain 

Z.P.  Smith 

Ph  D.  Thesis,  North  Carolina  State  Univ.  at  Raleigh, 
1.34  pp  (1977) 

UM  7729645 

Key  Words:  Strings,  Viscoelastic  properties.  Low  frequencies 

The  results  of  an  experimental  and  theoretical  investigation 
into  the  dynamic  viscoelastic  properties  of  twisted  con- 
tinuous filament  yarn  subject  to  low  frequency  longitudinal 
strain  superimposed  on  high  initial  strain  are  reported.  The 
object  is  to  relate  the  effective  dynamic  mechanical  prop- 
enies  of  twisted  yarn  to  the  dynamic  mechanical  properties 
of  the  constituent  filaments  and  the  geometry  of  the  fila- 
ments in  the  structure. 


BEARINGS 


78-968 

The  Active  Magnetic  Bearing  - A Revolutionary 
Principle 

H.  Habermannand  G.  Liard 

Ball  Bearing  J.,  192,  pp  1-7  (1977)  5 figs 

Key  Words:  Bearings,  Electromagnetic  properties 

The  active  electromagrtetic  bearirtg  consists  of  a moving 
body  (the  rotor)  which  it  kept  in  the  desired  position  relative 
to  a stationary  body  (the  stator)  by  meant  of  a magnetic 
field,  produced  by  electromagnets  mounted  on  the  stator. 
Integral  tensors  monitor  the  position  of  the  rotor  contin- 
uously. The  tensor  sigrtalt  adjust  the  currents  passing  through 
the  electromagnets  and  thus  the  strength  of  the  magnetic 
field  by  means  of  an  electronic  control  system.  The  active 
magnetic  bearing  is  characterized  by  rotation  without  mech- 
anical contact,  reeultirrg  in  noiseless  operation  and  no  wear. 
Very  high  speeds  can  be  permitted  and  excellent  running 
accuracy  achieved.  The  bearing  can  operate  in  a vacuum 
as  wall  a*  in  a corrosive  environment  arxl  can  alto  withstand 


extreme  temperatures. 


78-969 

Experimental  Studies  on  Ball  Bearing  Noise 

V.D.  Jayaram  arxl  F.  Jarchow 
Lehrstuhl  fur  Maschinenelemente  und  Getriebe- 
technik.  Ruhr-Universit3t,  Bochum,  Germany,  Wear, 
46  (2),  pp  321-326  (Feb .1978)  7 figs, 9 refs 

Keywords:  Ball  bearings.  Noise  generation 

The  effect  of  the  operating  speed  and  the  imposed  load 
on  the  noise  characteristics  of  commercially  available  ball 
bearings  was  studied  at  different  speeds  and  loads  using 
various  lubricants. 


78-970 

A Finite  Element  Dynamic  Analysis  of  Pressure  Dam 
and  Tiling  Pad  Bearings 

J.C.  Nicholas 

Ph.D.  Thesis,  Univ.  of  Virginia,  256  pp  (1977) 
UM  7800439 

Key  Words:  Fluid  film  bearings.  Finite  element  technique 

Systems  of  finite  elements  are  organized  using  matrix  nota- 
tion for  finite  length  bearings.  Most  fluid  film  bearings  have 
surface  areas  which  can  be  divided  into  a grid  of  elements 
whose  nodes  are  labeled  in  matrix  form.  The  resulting  equa- 
tions for  nodal  pressures  are  block  tridiagottal  and  the  solu- 
tion is  easily  obtained  with  direct  methods. 


78-971 

Effect  of  Recess  Geometry  on  Shock  Wave  Forma- 
tion in  Circular  Gas  Bearings 

E.  Salem  and  W.  Kamal 

Faculty  of  Engrg..  Mech.  Engrg,  Dept.,  Alexandria 
Univ.,  Alexandria,  Egypt,  Wear,  46  (2),  pp  351-366 
(Feb  1978)  13  figs,  7 refs 

Key  Words:  Gas  bearings.  Shock  waves,  Mathsmaticsl 
models 

An  analvtical  method,  based  on  the  concept  of  shock  wave 
formation  in  the  bearing  clearance,  it  usad  to  develop  a 
mathematical  modal  by  which  the  pressure  distribution 
along  the  fluid  film  can  bn  predicted.  Based  on  this  modal, 
the  limiting  cottditions  for  shock  free  operation  are  datar- 
minad.  The  affects  of  recess  geometry  and  inlet  gas  condF 
tions  are  analvzad.  Experimental  prassum  distriiutions  along 
the  fluid  film  st  different  values  of  film  thickness,  supply 


pressure  and  rotating  speed  are  reported. 


78-972 

The  Journal  Bearing  Conridering  Cavitation  and 
Dynamic  Stabiity 

G.  Lundholm 

Dissertation  Ph.D.,  Lunds  Universitet,  Sweden, 
8pp(1972) 

UM  1 /2932c 

Key  Words:  Jourital  bearings.  Dynamic  stability 

The  iiwestigations  presented  here  are  the  sumrrtariet  of  two 
papers,  and  concern  the  following:  hydrodynamic  lubrication 
of  the  circumferential  groove  and  axial  groove  jourml  bear- 
ings. Locations  of  csviution  regions  are  determined  by 
continuity-of-flow  conditions.  All  baering  characteristics, 
including  bordarlirtat  for  dynamic  stability  are  determirtad 
for  a large  variety  of  cases. 


BLADES 


78-973 

The  BARBEY  Report.  An  Investigation  into  Con- 
trollable Pitcb  Propeller  Faiures  from  tbe  Stand- 
point of  Full-Scale  Underway  Propefler  Meaanre- 
ments 

C.  Noonan,  G.  Antonides,  A.  Zaloumis,  B.  Corbin, 
and  R.  Schauer 

David  W.  Taylor  Naval  Ship  Res.  arid  Dev.  Center, 
Bethesda,  MD,  Rept.  No.  DTNSRDC-77-0080, 
293  pp  (Aug  1977) 

AD-A047  851 /IGA 

Key  Words:  Marine  propellars,  Propallar  blades.  Failure 
analysis.  Experimental  data 

This  report  revievst  experieiKe  with  Controllable  Pitch 
Propellert  ICPP).  Two  ships  of  the  FF.1052  dess  were  fined 
out  with  CPP's  for  tost  and  evaluation. 


78-974 

Effect  of  Slip  on  Response  of  a Vibrating  Com- 
pressor Blade 

D.I.G.  Jones 

Wright-Patter»n  AFB,  OH,  ASME  Paper  No.  77- 
WA/GT-3 
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Kay  Words:  Compressor  blades,  Vibratirrg  structures.  Modal 
analysis.  Harmonic  excitation 

The  aim  of  this  paper  is  to  develop  a simple  analytical  modal 
of  a vibrating  blade,  using  modal  analysis  arxl  allowir<g  for 
slip  at  the  root  arxl  to  show  that  the  analysis  accurately 
predicts  the  observed  behavior  of  a specific  blade  under 
harmonic  excitation.  Criteria  are  obtained  for  determining 
the  minimum  frictional  force  needed  to  avoid  infinite  am- 
plitudes under  high  level  excitation. 


78-977 

Beware  of  Reaonaiice 

J.  Wajcfeld 

Logetronics,  Inc.,  Springfield,  VA,  Hydraulics  & 
Pneumatics,  3[1  (2),  pp  62-63  (Feb  1978) 

Key  Words:  Cylinders,  Beams,  ResorMnt  response 

The  effect  of  natural  frequency  is  considered  when  selecting 
a cylinder  in  addition  to  compressive  arxf  buckling  loads. 


CYLINDERS 


DUCTS 


t 


78-975 

Croeaflow-Induced  Vibration  of  a Row  of  Circular 
Cylinders  in  Water 

H.  Halle  and  W.P.  Lawrence 

Argonne  National  Lab.,  Argonne,  IL,  ASME  Paper 
No.  77-JPGC-NE-4 

Key  Words:  Cylinders,  Submerged  structures.  Flow-induced 
vibration 

A row  of  five  flexible-cylindrical  test  elements  was  exposed 
to  cross  (transverse)  flow  of  water  as  part  of  a program  to 
study  the  dynamic  response  of  heat  exchanger  tubes.  The 
amplitudes  and  frequencies  of  the  flow-induced  vibrations 
were  measured  as  a function  of  flow  velocity.  A total  of 
nitM  test  cases,  obtained  by  combinations  of  different  ele- 
ment spacings  and  element  natural  frequencies,  ware  inves- 
tigated. 


78-976 

Flow-Induced  Vibrationg  of  Circular  Cylindrical 
Structurea 

S.  Chen 

Components  Tech.  DIv.,  Argonne  National  iJb., 
Argonne,  IL,  Rept.  No.  ANL-CT-77-32,  47  pp  (June 
1977)  1 fig,  234  refs 

Sponsored  by  Div.  of  Reactor  Dev.  and  Demonstra- 
tion, U.S.  Energy  Res.  and  Dev.  Administration 

Kay  Words:  Circular  cylinders.  Fluid-induced  excitation 

This  report  reviews  the  problems  of  flow-induced  vibrations 
of  circular  cylindrical  structures.  The  gerteral  method  of 
analysis  and  classiflcstlon  of  structural  responses  is  presented. 
Than,  the  presentation  is  broken  up  along  the  lines  with 
stationary  fluid,  parsslal  flow,  atxf  cross  flow.  Finally,  design 
considorations  and  future  research  needs  are  pointed  out. 
Extensive  references  are  included. 


78-978 

A Differential  Microphone  for  In-Ouct  Acoustic 
Meaaurementa 

C.M.E.  Riley 

Dept,  of  Engrg.,  Cambridge  Univ.,  UK,  Rept.  No. 
ARC-R/M-3799;  ARC-36800,  17  pp  (1977) 

Sponsored  by  Min.  of  Defence,  Rolls-Royce  (1971), 
Ltd.,  and  Sci.  Res.  Council 
N78- 14875 

Kay  Words:  Ducts,  Acoustic  measurement 

A brief  description  is  given  of  a technique  using  a differential 
microphone  to  measure  the  sound  field  structure  within  the 
duct  of  a rotor.  The  advantages  at>d  problems  of  direct  in- 
duct, as  opposed  to  far-field,  measurement  are  discussed, 
and  the  present  approach  presented.  The  construction  and 
calibration  of  the  differential  microphone  are  briefly  de- 
scribad,  and  results  from  some  of  the  experiments  in  which 
it  was  assessed  are  used  to  demonstrate  its  application. 


FRAMES.  ARCHES 


78-979 

Experimeiita  on  Dynamic  Plaatic  Loading  of  Frames 

S.R.  Bodner  and  P.S.  Symonds 

Div.  of  Engrg.,  Brown  Univ.,  Providence,  Rl,  Rept. 

No.  N001 4-0860/4, 41  pp  (July  1977) 

AD-A048  687/8GA 

Kay  Words:  Frames,  Beams,  Dynamic  plasticity.  Pulse 
excitation 

Tests  are  dascribad  on  plane  frames  of  mild  steel  and  ti- 
tanium (commercial  purity)  In  which  high  intensity  short 
duration  pressure  pulses  were  applied  trenarersely  to  the 
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baam  mambar  aithar  unifonniy  ovar  tbit  mambar  or  eon- 
cantratad  at  il<  cantar.  Tha  obiactiva  wai  to  axamina  Hiplica- 
tiont  of  t«wo  animation  tachniquat  (uppar  bound!  on  da- 
flactioni  and  tha  moda  approximation  tachniqua)  for  major 
raqmnn  laaturai  of  pulta  loadad  ttructurai  at  larga  daflac- 
tiont,  takir^  account  of  nrong  planic  nrain  rata  lantitivitv. 
Load!  over  a ranga  nich  a!  to  cauw  final  daflaction!  up  to 
about  a third  of  tha  qian  wara  appliad  by  datonaling  ax- 
plo!iva  diaat. 


78-980 

Laife-Deflection  Rei|ioMe  of  Square  Fraaaea  to 
Cooceatraled  Impulaivr  Loada 

M.S.J.  Hashmi  and  S.T.S.  Al  Hassani 
Dept,  of  Mech.  and  Production  Engrg.,  Sheffield 
City  Polytechnic,  J.  Mech.  Engr.  Sci.,  1£[  (6).  pp  243- 
250  (Dec  1977)  12  figs.  12  refs 

Kay  Word!:  Frama!,  Exploaion  affact!,  Elanoplanic  prop- 
art ia! 

A nudy  i!  mada  of  tha  atanic-planic  raqronaa!  of  portal 
and  fraa  tquara  frame!  Mbjactad  to  concantratad  axplO!iva 
impulW!.  A finite^fiffaranca  mathod,  which  raduca!  tha 
nructura  to  tmall  mana!  connactad  by  light  link!,  i!  uMd 
to  !Olve  tha  aquation!  of  motion  of  tha  daforming  frame!. 
Tha  link!  are  anumad  to  have  the  wne  strength  proparttas 
as  tha  matarial  of  the  nructura.  Dynamic  nrain  is  maaiurad 
exparimentally,  innantanaous  profiles  ara  obtained  from 
high-qiaad  photographs  and  the  final  daflaction!  subnantiata 
the  predictions  of  the  analytical  method. 


78-981 

Numerical  Simulation  of  Forced  Vibration  Tesla 
on  a Buried  Arch 

J.  Isenberg.  H.S.  Levine,  and  S.H.  Pang 
Weidlinger  Associates,  Menlo  Park,  CA.,  Rept.  No. 
7712,  DNA-4281F,  SBIE-AD-E300  021,  98  PP 
(Mar  1,1977) 

AD-A047  386/8GA 

Key  Words;  Arches,  Underground  structures.  Vibration 
damping,  Rasonant  remonsa 

Finita  elamant  simulation  of  a burled  arch  nructura  shows 
that  tha  affactiva  damping  dapands  on  backfill  conditions. 
This  information  it  utad  to  axpiain  the  occurrence  of  reso- 
nance in  forced  vibration  tacts  of  buriad  ractangular  nrue- 
turat  arxl  its  abwftca  in  tans  of  tha  arch,  impiications  of 
tha  findings  for  davaloping  tingla  dagraa  of  fraadom  modalt 
of  complax  nructurat  are  examined. 


MECHANICAL 


78-982 

Cam  Mechanian  Accuracy 

B.  Sandler 

Ben-Gurion  Univ.  of  the  Negev,  Beer  Sheva,  Israel, 
ASME  Paper  No  77-WA/DE-19 

Kay  Words:  Cams,  Geometric  imparfaction  affects 

This  paper  dealt  with  tha  influence  of  cam  profUa  accuracy 
on  deviationt  in  followar  motion  from  that  desired  by  the 
dasignar.  Tha  kinematic  and  dynamic  approachas  ara  dit- 
cutsad  and  a moda  for  dacraasing  non-datirable  deviationt 
is  shown.  An  axparimental  davica  it  described  and  tha  ratultt 
of  tha  exparimantal  maasuramantt  ara  diacuttad.  The  spectral 
thaory  of  stationary  random  functions  it  utad  for  the  theore- 
tical oontidaration.  Frequency  analysis  is  used  to  the  experi- 
mental maasuramantt. 


78-983 

Vsbrationa  of  Cam  Mechauiama  and  Their  Conae- 
quencet  on  the  Deaign 

M.P.  Koster 

Dissertation,  Ph.D.,  Technische  Hogeschool  Eind- 
hoven, Netherlands  (1973) 

UM  1 /2928c 

Kay  Words:  Cams,  Transient  response.  Design  techniques 

Cam  mechanisms  and  thair  driving  components,  i.a.,  the 
camshaft,  the  reduction  gaar,  and  tha  driving  asynchronous 
ntotor  ara  invastigatsd.  Transient  vibrations  charactarixa 
tha  dynamic  behavior  of  cam  machanitmt.  Several  mathe- 
matical modalt  have  been  davalopad  and  tasted.  Detailed 
analysis  of  machine  vibrations  can  be  obtained  by  maans  of 
a dighial  simulation  program  bated  on  a model  with  four 
dagraas  of  fraadom.  Followar  and  shaft  vibrations  and  tha 
affects  of  nonlinear  phenomena,  i.a.,  backlash,  squeeze,  arxi 
impact  ara  simulated.  Bated  on  a modal  with  one  dagraa 
of  fraadom  a rule  of  design  for  tha  shaft  and  tha  othar 
driving  components  it  added  to  tha  existing  rules  concerning 
tha  followar  linkage  and  tha  affects  Of  backlash.  Rules  of 
design  ara  formulated  which  can  ba  utad  by  a dasignar  who 
it  not  a tpaclalitt  in  dynamics. 


MEMBRANES,  FILMS,  AND  WEBS 

78-984 

The  Reqsouae  of  u Auiaotropically  Preatramail  Thick 
Rectangular  Membrane  to  Dynamic  Loading 
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V.O.S.  Olunloyo  and  K.  Hutter 

Faculty  of  Engrg.,  Univ.  of  Lagos,  Lagos,  Nigeria, 

Aaa  Mech.,  28  (1-4),  pp  295-311  (1977)  6 refs 

Kay  Words:  Roctangular  membranM,  Oynemic  reapoiMi, 
PwturbMion  ttMOry 

Tfw  dymmie  rMponw  ol  • raetanautar  mambrana  to  aatamal 
tima  dapandant  loadina  it  Inwatt ijai ad  for  tha  cata  wtian 
banding  rlgMilv  it  anall.  Utint  singular  parturbalion  tach- 
niquat  and  multipla  tinw  teak  tobitiont  ara  oontiructad 
up  to  ofdtr  a,  wbata  a rnaaturai  a tmaH  banding  rigidity. 
Tba  parturbation  procadura  it  oountarcbackad  using  an 
axatnpla  nwbota  axaet  tohition  can  ba  found. 


PIPES  AND  TUBES 

(AlaDtaaNot  947,  10331 


78-985 

Develo|Mneal  of  Ipterferebce  ReapoMe  Spectra  for 
UfeUaea  Stiiwiir  Aiulyaa 

I.  Nelson  and  P.  Weidlinger 

Weidlinger  Associates,  NY,  Rept.  No.  IR-2,  NSF/ 
RA-770313,47  pp  (July  1,1977) 

PB-275  215/2GA 

Kay  Words:  Pipalinat,  Piping  tyttamt,  Undarground  ttruc- 
turat.  Seismic  design.  Earthquake  resistant  structures 

The  authors  comand  that  the  dynamic  ratponsa  of  a pipa 
netswork  system  may  ba  detarminad  by  numerical  integra- 
tion of  tha  appropriate  aquations  of  motion.  An  Impor- 
tam  critarion  for  faUura  of  underground  pipes  tubjactad  to 
seismic  ktadittg  it  tha  strain,  or  diffaranca  in  diqiiacamant, 
banwaan  ttwo  points  along  tha  pipe.  Tha  concept  of  intar- 
faranca  spectrum  hat  baan  introduced  to  deal  with  this 
problam  whan  dyrtamic  affects  ara  significant.  Tha  approach 
required  to  analyza  a multi-dagraa  of  fraadom  pipe  net- 
work it  outlined.  Tha  cata  of  only  two  conrtactad  pipes 
tagmantt  is  treated  in  datail,  and  dtown  to  ba  equivalent 
to  a tingle  degree  of  freedom  system.  The  mathematical 
traatmant  it  dascribad  in  datail  and  tha  computer  coda 
davelopad  it  dascribad.  Numerical  results  ara  prassntad  for 
both  tha  El  Centro  1940  and  1S2S0  Vantura  Boulevard 
1971  input  racordt. 


PB-275  217/8GA 

Kay  Words:  Pipelines,  Piping  systems,  Undarground  struc- 
tures. Saitmic  design.  Earthquake  resistant  structures 

This  resaerch  attempts  to  formulate  a comprehensive  pro- 
cadura based  on  a consistent  theory  for  tha  analysis  and 
design  of  undarground  lifelines  in  seismic  environment. 
Currem  procaduras  of  engineering  seianology  ara  not  suf- 
fkiant  for  this  purpose,  and  the  detailed  definition  of  the 
diqtlacament  field  due  to  seismic  motion  needs  to  be  ex- 
tsrtdad  to  include  qtatial  and  terTHwral  variations  in  a broader 
frequency  range.  The  displacement  field  may  interact  weakly 
Oi  strongly  with  a buried  pipeline,  depending  on  the  pipe's 
dynamic  characteristics  as  modified  by  the  surrounding  soil. 
The  affact  of  this  intaraction  is  presented  in  a ' Interference 
Spectrum'  which  gives  the  peak  response  of  a damped  oscil- 
lator, subjact  to  simultaneous  excitation  at  two  spatially 
saparatad  points.  Spectral  amplitudes  are  used  to  determine 
the  rasponse  of  the  system,  in  terms  of  a ‘Damage  Matrix' 
which  quantifies  the  failure  parameters  of  a system  con- 
sisting of  variout  types  of  pipes,  joints  and  other  details. 
For  purposes  of  risk  analysis,  optimization  and  cost-benefit 
studies  of  existing  or  planned  systems,  covering  large  areas, 
a statistical  method  it  developed  which  provides  the  ex- 
pected value  of  free  field  gradients,  at  affected  by  subsur- 
face arxl  geology. 


78-987 

Waterhamraer  in  Non-Ri)^  Pipes  Precursor  Waves 
and  Mechanical  Damping 

D.J.  Williams 

Dept,  of  Aeronautics  and  Fluid  Mechanics,  Glasgow 
Univ.,  UK,  J.  Mech.  Engr.  Sci.,  ^ (6),  pp  237-242 
(Dec  1977)  4 figs,  1 1 refs 

Key  Words'.  Pipes  (tubes),  Waterhammer 

Whan  a pips  can  move,  waterhammer  effects  are  altered  by 
the  existence  of  precursor  waves,  i.e.  longitudirtal  elastic 
straitt  waves  in  tha  pipe  walls,  modified  by  tha  presence 
of  the  fluid.  Pipe  motion  causad  mechanical  damping  of  the 
waterhammer  arxl  was  studied  experimentally.  ViscoelastiG 
piping  also  gave  rise  to  strong  mechanical  damping,  even 
without  pipe  motion. 


78-986 

Behavionr  of  Undeifround  Lifelines  in  Seimic 
Cavirownent 

P.  Weidlinger 

Weidlinger  Associates,  NY,  Rept.  No.  IR-4,  NSF/ 
RA-770315, 25  pp'(Julv  1977) 


78-988 

Pipe  Rsyture  and  Steam/Water  Hammer  Design 
Loads  for  Dynamic  Analysis  of  Piping  Systems 

B.R.  Strong,  Jr.  and  R.J,  Baschiere 
/Vdvancod  Analysis  Div.,  EOS  Nuclear  Inc.,  San 
Francisco,  CA  94104,  Nucl.  Engr.  Des.,  45  (2), 
pp  419-428  (Feb  1978)  9 figs,  9 refs 
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Kay  Words;  Piping  systems.  Nuclear  power  plants,  Water 
hammer 

The  design  of  restraints  and  protection  devices  for  nuclear 
Class  I and  Class  II  piping  systems  must  consider  severe 
pipe  rupture  and  staam/water  hammer  loadings.  Limited 
stress  margins  require  that  an  accurate  prediction  of  these 
loads  be  obtained  with  a minimum  of  conservatism  in  the 
loads.  Methods  are  available  currently  for  such  fluid  transient 
load  development,  but  each  method  it  severely  restricted 
at  to  the  complexity  and/or  the  range  of  fluid  state  ex- 
cursions which  can  be  simulated.  This  paper  presents  a 
general  technique  for  generation  of  pipe  rupture  and  steam/ 
water  hammer  design  loads  for  dynamic  analysis  of  nuclear 
piping  systems  which  does  not  have  the  limitations  of  exist- 
ing methods. 


78-989 

Nonlinear  Attenuation  of  an  N Wave  Propagating  in 
a Tube.  Including  Diaaipation  due  to  Wall  Effecta 

A.  Nakamura,  R.  Takeuchi,  arxJ  S,  Oie 
The  Inst,  of  Scientific  and  Industrial  Res.,  Osaka 
Univ.,  Yamadakami,  Suita,  Osaka,  Japan,  J.  Acoust. 
Soc.  Amer.,^  (2),  pp  346-352  (Feb  1978)  7 figs, 
1 4 refs 

Key  Words:  Sound  waves.  Wave  attenuation.  Tubes 

Theoretical  computations  are  made  for  the  variation  of 
waveform  of  an  N wave  propagating  in  a circular  tube.  The 
change  with  distance  of  the  slope  of  the  straight-line  segment 
of  the  waveform  at  its  axis  crossing  is  calculated.  Various 
assumptions  are  made  in  the  calculation  to  isolate  the  sep- 
arate contributions  of  weak-shock  theory  and  tube-wall 
effects.  The  change  in  slope  is  as  predicted  by  weak-shock 
theory. 


78-990 

Vibration  of  a Heat  Exchanger  Tube/Support  Impact 

Y.S.  Shin,  J.A.  Jerrdrzejczyk,  and  M.W.  Wambsganss 
Argonne  National  Lab.,  Argonne,  IL,  ASME  Paper 
No.  77-JPGC-NE-5 

Key  Words;  Heat  exchangers.  Tubes,  Resonant  frequencies. 
Mode  shapes.  Damping 

Experiments  were  performed  to  determine  the  effects  of 
tube/support  misalignment,  tube/support-hole  clearance, 
support  thickness,  exciting  force  amplitude,  and  support 
spacing  on  the  vibrational  characteristics  (resonant  fra- 
quencics,  mode  shapes,  and  damping)  and  displacement 
response  amplitude  of  a heat  exchattger  tube.  The  test 
results  were  compared  with  analytical  results  based  on  a 
multi-man  baam  with  simple  intermittent  supports. 


78-991 

Vibro-Impuct  Reapoaaea  of  a Tube  with  Tube- 
Baffle  latefuctiou 

Y.S.  Shin,  D.E.  Sass,  and  J.A.  Jendrzejczyk 
Components  Tech.  Div.,  Argonrie  National  Lab., 
Argonne,  IL,  Rept  No  ANL-CT-78-1 1 , 62  pp  (Jan 
1978)  35  figs,  18  refs 

Sponsored  by  Div.  of  Reactor  Dev.  and  Demonstra- 
tion, U.S.  Energy  Res.  and  Dev.  Administration 

Key  Words:  Heat  exchangers.  Tubes,  Vibration  rasponse 

The  relatively  small,  inherent  tube  'O-baffla  hole  daersncas 
associated  with  manufacturing  toleranoas  in  haat  axchangars 
affact  the  vibratiortal  characteristict  and  the  response  of 
the  tuba.  Numerical  studies  were  made  to  predict  the  vibro- 
impact  response  of  a tube  with  tuba-baffle  Interaction. 
The  finite  elarrtant  method  has  bean  amployad  with  a non- 
linear elastic  contact  sprirtg-dashpot  to  modal  the  effect  of 
the  relative  approach  between  the  tuba  and  the  baffle  plate. 


PLATES  AND  SHELLS 

(Also  see  Nos.  908,  947) 


78-992 

Random  Vibrations  of  Ortbotropic  Plates  Clamped 
or  Sknply  Supported  AH  Round 

I.  Elishakoff 

Dept,  of  Aeronautical  Engrg.,  Technion,  I.I.T., 
Haifa,  Israel,  Acta  Mech.,  28  (1-4),  pp  165-176 
(1977)25  refs 

Key  Words:  Plates,  Orthotropism,  Random  vibration 

When  the  approximate  method  presented  hare  is  applied  to 
oases  capable  of  closed  solutions  (i.a,  plates  having  a pair 
of  opposite  edges  simply  supported),  the  result  coincides 
with  that  obtabMd  by  t)»e  classical  normal-mode  approach. 


78-993 

Free-Vibration  Analyaia  of  Rectangular  Plates  with 
damped-Simply  Supported  Edge  Conditiona  by 
the  Method  of  Supetpoaition 

O.J.  Gorman 

□ept.  of  Mech.  Engrg.,  Univ.  of  Ottawa,  Ottawa, 
Ontario,  Canada,  J.  Appl.  Mech.,  Trans.  ASME, 
44  (4),  pp  743-749  (Dec  1977)  11  figs,  6 tables, 
6 refs 

Kay  Words:  Rectangular  plates.  Transient  response.  Method 
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modal  phan  diifts.  The  faults  of  the  analytical  computa- 
tions are  presented  and  discussed. 


In  this  paper  attention  is  focused  on  the  frae-vibration 
analysis  of  rectangular  plates  with  combinations  of  clamped 
and  simply  upported  edge  conditions.  Plates  with  at  least 
two  opposite  edges  simply  upported  are  not  considered  as 
they  have  been  analyzed  in  a separate  paper. 


78-994 

Eigenvalue  Problems  for  the  Plate  Equation  Under 
Determinate  and  Random  Perturbations 

F.D.  Zaman 

Dissertation,  Ph  D.,  Cranfield  Inst,  of  Tech.,  UK, 
51  pp  (1976) 

UM  1 /2845c 

Key  Words;  Wave  propagation.  Rectangular  plates.  Eigen- 
value problems.  Natural  frequencies.  Normal  modes 

The  solution  to  the  problem  of  propagation  of  transverse 
waves  in  elastic  rectanguiar  plates  which  are  both  homo- 
geneous and  iwtropic  is  well  known  for  a variety  of  bound- 
ary conditions.  Many  real  materials  currently  in  use  are 
naithar  iutropic  nor  homogeneous.  The  aquations  givirtg  the 
natural  frequencies  and  normal  modes  of  vibration  of  uch 
platas  may  umetimes  be  regarded  as  perturbations  of  the 
homogeneous  isotropic  aquations  by  introducing  a small 
parameter  e which  is  a maaure  of  tha  degree  of  aniso- 
tropy or  inhomogeneity  of  the  plate.  Analytic  perturba- 
tion theory  may  then  be  applied  to  obtain  exprassions  for 
the  natural  frequencies  and  normal  modas  as  power  series 
in  e and  to  give  their  range  of  validity.  These  reults  are 
applied  to  vibrations  of  two  distinct  types  of  composite 
plate.  An  orthotropic  plate  with  clamped  boundary  condi- 
tions is  considered.  A plate  with  random  inhomogarwities, 
under  simply  upported  boundary  conditions  is  studied. 


78-995 

SoumI  Radiation  from  a Simply  Supported  Rec- 
tangular Plate  Vibrating  under  Complex  Modes 

S.P.  Nigam,  G.K.  Grover,  and  S.  Lai 
Government  Engrg.  College,  Jabalpur,  (M.P),  India, 
Israel  J.  Tech.,  15  (3),  pp  123-129  (1977)  6 figs, 
1 3 refs 

Key  Words:  Rectangular  platas.  Vibrating  structurss,  Sound 
waves 

Sound  radiation  from  a simply  upported  rectangular  plats 
vibrating  under  complex  resonant  or  nort-rennant  modes 
is  studied.  The  average  radiation  efficiancy  and  sound  power 
radiated  is  defined  and  evaluated  under  uch  conditions. 
Rayleigh's  intagral  is  formulated  and  the  far-fiald  acoustic 
prasure  evaluated  after  giving  due  consideration  to  the 


78-996 

Dynamic  Plastic  Analysis  Using  Stress  Resultant 
Finite  Element  Formulation 

P.  Lukkunaprasit  and  J.  Kelly 
Earthquake  Engrg.  Res.  Center,  California  Univ., 
Richmond,  CA.,  Rept.  No.  UCB/EERC-77/21 , 61  pp 
(Sept  1977) 

PB-275  453/9GA 

Kay  Words;  Spherical  shells.  Plates,  Dynamic  plasticity. 
Finite  element  technique 

A stress  reultant  finite  element  formulation  is  developed 
for  the  dynamic  plastic  analysis  of  plates  arxl  shells  of  revolu- 
tion undergoing  moderate  deformation.  A nonlinear  elastic- 
viscoplastic  constitutive  relation  simulates  the  behavior  of 
rate-sensitiva  and  -insensitive  materials. 


78-997 

Axi-aymmetric  Proper  Vibrationa  of  a Conical  Shell 
Made  of  the  Compreaaible  Nonlinear  Elaatk  Material 

F.  Twardosz  and  T,  Wegner 

Dept.  Tech.  Mechanics,  Tech.  Univ.,  Piotrowo  3, 
61-138  Poznan,  Poland,  Bull.  Acad.  Polon.  Sci., 
Ser.  Sci.  Tech.,  25  (10),  pp  225-233,  533-541  (1977) 
6 refs 

Key  Words;  Conical  shells,  Axisymmetric  vibrations 

Tha  paper  presents  an  analysis  of  axi-symmetric  proper 
vibrations  of  a thin-wallad  trurtcatad  conical  shell.  It  is 
asumed  that  the  shell  is  free  upportad,  and  made  of  iu- 
tropic, homogeneous,  compressible  and  nonlinear  elastic 
material.  Tha  considerations  are  limited  to  the  small  vibra- 
tion aitalysis.  Undar  such  a restriction  it  appeared  possible 
to  use  tha  geometrical  linear  relations.  As  a rault  the  set 
of  two  nonliftaar  penial  differential  aquations  of  the  fourth 
order,  deuribing  longitudinal  and  transversal  vibrations, 
was  obtained.  The  sat  of  aquations  was  raducad  to  ordinary 
differential  aquations  with  tha  help  of  tha  Bubnov-Galarkin 
method. 


78-998 

Dynamic  Anatyna  of  Sbalow  Shdla  Uang  Finite 
Element  Mixed  Modela 

S.F.  Abbas 

Ph.D.  Thesis,  Univ.  of  Toronto  (Canada)  (1975) 
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Key  Wordi:  Oynamic  structural  analysis,  Shalls,  Finita 
element  technique 

In  this  work,  a Finite  Element  dynamic  analysis  of  shallow 
shells  has  been  successfully  performed  using  Mixed  models. 
The  underlying  principle  used  to  dariva  the  models  was 
Karnopp's  extension  of  Reissner's  principle  to  alastody- 
namics.  A development  similar  to  that  of  Prato's  in  elasto- 
statics  was  performed  so  as  to  reduce  the  final  variables  to 
moments  and  displacements  only. 


78-999 

Tranaient  Reaponae  of  Sheila  with  Internally  At- 
tached Siructurea 

D.  Ranlet  and  F.L.  DiMaggio 

Weidlinger  Associates,  NY,  Rept.  No.  TR-21,25pp 

(Aug  1977) 

ADA048  167/IGA 

Key  Words:  Transient  response.  Shells,  Equations  of  motion. 
Shock  response.  Submerged  structures 

Equations  of  motion  are  derived  for  tha  transient  response, 
to  a shock  wave,  of  a submerged  shell  with  internal  struc- 
tures. A substructuring  procedure,  which  does  not  require 
calculation  of  a system  stiffness  matrix,  is  employed  to 
obtain  these  equations  in  a general  manner  lor  arbitrary 
internal  structures  approximated  by  finite  elements. 


78-1000 

Dynamic  Reaponae  of  a Siibmcifcd  Elastic  Strac- 
ture  with  Elastic  Structures  Attached  to  It  by  In- 
elastic Springs 

F.L.  DiMaggio 

Weidlinger  Associates,  NY,  15  pp  (Aug  1977) 
ADA048  166/3GA 

Key  Words:  Shells,  Submerged  structures.  Shock  response 

A procedure  is  described  which  may  be  used  to  obtain  the 
dynamic  response  to  shock  loading  of  a submerged  shell 
with  internal  structure  attached  to  it  by  nonlinear  mount- 
ings. 


Government  Polytechnic,  Bombay,  India,  J.  Inst. 
Engr.  (India),  ^ (ME1),  pp  36-37  (July  1977) 
4 figs,  2 refs 

Kay  Words:  Raciprocating  anginas.  Energy  absorption 

Flywheel  of  any  raciprocating  engine  acts  as  a rotating 
energy  reservoir  and  helps  to  control  the  cyclic  fluctuations 
of  ipead  of  tha  engine.  Equivalent  springs  can  be  used  in  an 
identical  mannar  to  achieve  the  same  objective.  This  paper 
gives  an  account  of  the  work  carried  out  in  applying  tha 
principle  to  a double  acting  steam  engine.  Application  to 
I C anginas  is  also  briefly  discussed. 


STRUCTURAL 

(See  Nos.  920, 925) 


TIRES 

(Also  see  No.  955) 


78-1002 

The  Effect  of  Hydroplaning  on  the  Dynamic  Qiarac- 
teriatics  of  Car,  Truck  and  Bus  Tires 

H.  Sakai,  O.  Kanaya,  and  T.  Okayama 

Japan  Automobile  Research  Inst..  Inc.,  SAE  Paper 

No.  780195,  24  pp,61  figs,  9 refs 

Key  Words:  Tires,  Tire  characteristics,  Ride  dynamics 

This  report  deals  with  the  tests  made  on  the  hydroplaning 
phenomenon  of  car,  truck  and  bus  tires  using  the  interior 
of  a dynamic  tire  testing  machine.  For  car  tires,  the  rela- 
tionship between  braking  force  and  slip  ratio  and  between 
cornering  force  and  slip  angle  as  affected  by  hydroplaning 
were  investigated.  Studies  were  also  made  of  the  influence 
of  the  difference  between  radial-ply  and  cross-ply  tires, 
inner  pressure,  load,  thickness  of  the  water  film,  etc..  Next, 
a study  was  conductad  concerning  the  effect  of  hydro- 
planing on  the  cornering  propenies  of  truck  and  bus  tires. 


SYSTEMS 

SPRINGS 


78-1001 

Spring  Equivalent  of  Flywheel  for  Reciprocatuig 

£*«»«•  ABSORBER 

N.G.  Vaidya  and  P.S.  Gokhale  (Also  see  No.  922) 
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78-1003 

On  the  Dynamic  Vibration  Damped  Absorber  of 
the  Vibration  System 

T.  loi  and  K. Ikeda 

Chiba  Inst,  of  Tech.,  Narashino,  Japan,  Bull.  JSME, 
21^  (151  ),pp  64-71  (Jan  1978)  10  figs,  4 refs 

Kay  Words;  Dynamic  vibration  absorption  (aquipmantl 

This  papar  anslyzas  tha  prevention  of  forced  vibration  of 
a vibration  syttam  with  positiva  or  nagativa  damping  by 
maans  of  a dampad  dyitamic  absorber.  Three  cases  are 
treated:  the  alternative  exciting  force  of  a constant  mag- 
nitude it  acting  on  tha  mats  of  the  main  syttam,  the  alter- 
native exciting  force  whose  magnitude  it  proportional  to  tha 
square  of  its  frequency,  it  acting  on  the  matt  of  the  main 
system,  and  the  alternative  diqilscemant  it  given  to  the 
foundation  of  tha  main  system. 


NOISE  REDUCTION 


78-1004 

Muffler  for  Pneumatic  Drill 

A Visnapuuand  S.E.  Lay 

Dept  of  the  Interior,  Washington,  D.C.,  PAT-APPL- 
815  127/GA,  14  pp  (July  1977) 

Key  Words:  Mufflers,  Pneumatic  tools.  Rock  drills 

This  invention  relates  to  mufflers  for  the  exhaust  of  pneu- 
matic tools  in  general,  and  more  particularly  for  mechanized, 
jumbo  mounted  percussive  rock  drills  employed  in  the 
mining  irtduttry.  The  muffler  consists  of  a casing  of  general 
pritnutic  shape,  adapted  for  mounting  on  the  drill. 


78-1005 

Inveatigation  of  Noiae  Reduction  on  a 100  kVA 
Tranaformer  Tank  by  Meana  of  Active  Methoda 

N.  Hesselmann 

Institut  f.  Technische  Akustik,  51  Aachen,  Templer- 
graben  55,  'Vest  Germany,  Appl.  Acoust.,  IJ^  (1), 
pp  27-34  (Jan  1978)  6 figs,  7 refs 

Key  Words;  Noise  reduction 

This  peper  describes  experiments  in  reducing  transformer 
noise  by  ecoustical  compensation.  For  this  purpose,  two 
loudspeakers  have  been  arranged  close  to  a 100  kVA  trans- 
former end  fed  by  a suitabfe  compensation  signal.  As  a rasult, 
the  noise  level  in  the  far  field  fell  by  between  20  and  38  dB, 
das>anding  on  tha  direction  of  observation. 


78-1006 

Sound  Preaaure-Level  Prediction  in  Large  Rooms 
Containing  Barriers 

T.H.  Aishton,  M.J.  Moran,  and  L.L.  Faulkner 
Dept,  of  Mech.  Engrg.,  The  Ohio  State  Univ.,  Colum- 
bus, OH,  Appl.  Acoust.,  1_1^  (1),  pp  67-72  (Jan  1978) 

Key  Words:  Noise  barriers.  Noise  prediction 

A simpla-to-use  graphical  method  for  estimating  the  sound 
pressure  level  in  the  shadow  zone  of  a rigid  straight-edged 
barrier  for  sound  radiated  from  a point  source  located  in 
a large  room  is  presented  and  discussed.  Also  presented  is 
a maans  based  on  the  graphs  introduced  for  evaluating 
the  noise  reduction  potential  of  a barrier  in  a room  or  fac- 
tory work  space. 


78-1007 

Tbe  Contribution  of  Heavy  Vchklea  to  Urban  Traffic 
Noiae 

B.  Bodsworth  and  A.  Lawrence 
School  of  Engrg.  and  Archite- lure,  Deakin  Univ., 
Geelong,  Australia,  Appl.  Acoust.,  J_1  (1),  pp  57-65 
(Jan  1978)  1 fig,  4 tables 

Key  Words:  Traffic  noise.  Noise  red-  . tion 

The  dominating  influence  of  road  tr.  :fic  on  the  noise  climate 
of  the  world's  cities  is  established  and  attempts  to  reduce 
the  problem  follow.  The  first  irvolves  ameliorating  the 
effects  of  traffic  stream  rtoise;  the  second  an  attack  on  the 
noise  levels  of  individual  vehicles. 


78-1008 

Materials  for  Noiae  Reductioi  in  Food  Processing 
Environments 

S.A.  Waggoner,  J.F.  Shackelford,  F.F.  Robbins,  Jr., 
and  T.H.  Burkhardt 

Dept,  of  Agricultural  Engrg.  and  Materials  and 
Devices  Res.  Group  and  Dept,  of  Mech.  Engrg., 
Univ.  of  California,  Davis,  CA  95616,  Appl.  Acoust., 
^ (1),  pp  1-20  (Jan  1978)  16  figs,  7 tables,  11  refs 

Key  Words;  Industrial  facilities.  Noise  reduction 

Government  standards  for  noise  levels  in  industrial  environ- 
ments including  the  food  processing  industry  have  led  to  a 
program  of  materials  selection  for  noise  reduction.  In  addi- 
tion to  traditional  architectural  oonsidarations,  tha  con- 
straints of  sanitation  and  cost  ware  factors.  Primary  matarials 
systems  studied  wore;  metalfpolymar  composites  for  impact 
noise  reduction,  polymer  film/foam  composites  for  sound 
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absorption  and  transparant  polymer  barriar/anclosurai. 


AIRCRAFT 

(Also  see  Nos.  927, 929) 


78-1009 

l**'**!^*!****  of  Aeoiiatic  Propertiea  of  a Rigid  Foam 
with  Application  to  Noise  Reduction  in  Light  Air- 
craft 

C.l.  Holmer  ^ 

Bolt  Beranek  and  Newman,  Inc.,  Cambridge,  MA, 
Rept.  No.  NASACR-1 32333;  Rept-2558,  79  pp 
(1972) 

N78-13851 

Kay  Words:  Aircraft  twisa,  Noita  reduction.  Foams 

An  artalytic  modal  of  sound  tranunitsion  into  an  aircraft 
cabin  mas  davelopad  at  mall  at  test  procedures  mhich  ap- 
propriately rank  order  properties  mbich  affect  sound  trans- 
mission. 


78-1010 

A Parametric  Inveatigation  of  an  Existing  Super- 
sonic Relatiye  Tip  Speed  Propeller  Noiae  Model 

J.H.  Oittmar 

Lewis  Res.  Center,  NASA,  Cleveland,  OH,  Rept. 
No.  NASA-TM-73816;  E-9405,  25  pp  (Nov  1977) 
N78-13854 

Key  Words:  Aircraft  noise.  Noise  reduction 

A tip  speed  turboprop  is  being  consktarad  as  a future 
tntrgv  contarvativt  airplant.  Th#  noiw  raduction  possibili- 
dacraaaiofl  ralativa  Mach  mimbar  vwara  further  invat- 
tigatad  during  the  intardaptndtnt  variationft. 


78.1011 

Deaeription  of  Noiae  Measurement  and  Analyaia 
Procedures  Developed  for  Light  General  Aviatiou 
Aircraft 

D.W.  Andrews  and  D.W.  Durenberger 
Dept,  of  Aerospace  Engrg.,  Technische  Hogeschool, 
Delft,  Netherlands,  Rept.  No.  VTH-LR-246,  82  pp 
(Apr  1977) 

N78-14874 

Key  Words:  Aircraft  noise,  Noisa  maesurement 


The  equipment,  flight  test  procedures,  and  enalytis  meth- 
ods used  in  the  aircraft  noisa  rasssrch  program  at  the  univer- 
sity  are  described. 


78-1012 

InveMigation  of  Interior  Noiae  in  a Twin-Engine  Light 
Aircraft 

J.S.  Mixson,  C.K.  Barton,  and  R.  Vaicaitis 
Langley  Res.  Center,  NASA,  Hampton,  VA,  J.  Air- 
craft, 15  (4),  pp  227-233  (Apr  1978)  15  figs,  26 
refs 

Key  Words:  Aircraft  noise.  Interior  noisa,  Noisa  reduction 

This  paper  describes  experimental  studies  of  interior  noise 
in  a twin-engine,  propeller-driven,  light  aircraft.  An  analytical 
modal  for  this  type  of  aircraft  is  also  discussed. 


78-1013 

Flight-Effects  on  Predicted  Fan  Fly-By  Noiae 

M.F.  Heidmannand  B.J.  Clark 

Lewis  Res.  Center,  NASA,  Cleveland,  OH,  Rept. 

No.  NASA-TM-73798, 24  pp  (1977) 

N78-13060 

Key  Words:  Aircraft  noise,  Engirw  noise.  Fans 

0 

The  impact  on  PNLT  (Parcaivad  Noisa  Level,  Tone  corrected) 
and  Fly-by  EPNL  (Effective  Perceived  Noise  Levall  whan 
forward  motion  reduces  the  noisa  generated  by  the  bypaw 
fan  of  an  aircraft  engine  mat  studied.  Calculated  noise  mac- 
tra  for  a typical  subsonic  tip  mead  fan  designed  for  Made 
passage  frequency  (BPF)  torw  cutoff  mare  trantlatad  in 
frequency  by  systematically  varying  the  BPF  from  0.6 
to  8 kHz. 


78-1014 

Methodoh^  for  Detennhung,  laolatny,  and  G>r^ 
reeling  Runway  Roughnem 

D.R.  Seeman  and  J.P.  Nielsen 
Civil  Engrg.  Research  Facility,  Rept.  No.  AD-A044- 
328/3;  CERF-AP-24;  FAA-RD-75-1 10-2,  33  pp 
(June  1977) 

N78-13078 

Key  Words:  Runvuay  roughness.  Aircraft  remonse 

Elevation  and  accalaration  prof  Hat  mere  generated  to  deter- 
mine the  relationship  between  runway  roughnew  and  aircraft 
response.  The  aircraft  retponta  is  spacifiad  in  terms  of  pilot- 
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nation  vartieal  accalarattonit  which  arc  datarminad  from 
computar  limulation.  Corractiont  to  tha  profUat  ara  than 
mada  to  raduca  tha  airciaft  laaponta. 


78-1015 

Aaalytieal  and  Experimwital  Fatigne  Ptograin  for 
dw  Kfir  Main  and  Note  Landing  Geara 

B.  Abraham 

Israel  Aircraft  Industries  Ltd.,  Lod,  Israel,  Israel 
J.  Tech.,  15  (1-2),  pp  70-78  (1977)  12  figs,  6 tables, 
9 refs 

Kay  Words:  Aircraft  aquipmant.  Landing  gaar,  Faligua 
tans 

This  paper  dascribas  tha  program  that  was  carried  out  on 
tha  Kfir  main  and  note  landing  gaart  in  order  to  insure 
adequate  taivica  Ufa.  Tha  fatigue  program  began  in  tha 
dataM  datign  phata;  next  came  tha  dauatapmant  of  ioading 
niactra  used  for  analysis  and  tan.  A fatigue  analysis  was 
than  parformad  for  tavaral  sunwetad  critical  locations  on 
both  gaars.  A flight-by-flight  fatigua  tan  was  parformad  on 
both  landing  gaart  with  tha  aim  of  damonnrating  four 
asrvica-lifMimes  of  operation.  Oasign  modifications  ware 
bitroducad.  bated  on  tha  results  of  these  tests.  Finally, 
rational  Inapaetion  and  raplacamant  intervals  ware  astablithad 
for  tha  main  and  nose  gaar,  soma  of  which  require  moni- 
toring of  aircraft  oparationt. 


78-1016 

Am  Aayinptotic  Melkod  for  Predietipg  Aaiplitadea 
of  Nonlinear  Wheel  Shanmy 

J.T.  Gordon,  Jr.  and  H.C.  Merchant 

Science  Applications,  Inc.,  Oakland,  CA,  J.  Aircraft, 

15  (3),  pp  155-159  (Mar  1978)  5 figs,  10  refs 

Kay  Words:  Lartding  gaar.  Wheal  shimmy,  Amplituda  analy- 
sit,  Nonlinaar  artalysis 

An  aaymptotic  method  involving  tha  multiplaqima  scala 
perturbation  tachniqua  is  pratantad  for  nortlinaar  stability 
analytit  of  landing  gaar  whaal  diimmy  ntodalt  that  indurla 
a valeeity-aquarad  dattqtar.  Ganaral  exprattiont  for  tha  limit 
cyda  ampllnida  and  fraquancy  ara  obtainad,  with  tha  stabil- 
ity of  tha  limit  eydas  datarminad  by  tha  sign  of  a eomputad 
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78-1017 

DetamrinatiM  of  DjmaMie  fTurarSarigliri  frani 
FV^TaakDnta 


M.  Marchand 

Abt.  Flugmechanik  der  Flaechenflugzeuge,  Deutsche 
Forschungs-  und  Versuchsanstalt  f.  Luft-  und  Raum- 
fahrt,  Brunswick,  West  Germany,  Rept.  No.  DLR- 
FB-77-26, 23  pp  (June  20, 1977) 

(In  German) 

N78-14044 

Kay  Words:  Aircraft,  Dynamic  proparties,  Computar  pro- 
grams 

An  evaluation  procadura  for  tha  determination  of  dynamic 
characteristics  from  flight  test  dau  was  davalopad.  Tha 
procadura  uses  a gradient  method  for  tha  evaluation  of 
eiganvaluas  arxl  a regression  method  fiK  tha  calculstion  of 
aigarwactors.  Tha  procadura  was  programmed  in  FORTRAN 
aixf  was  successfully  applied  during  a harxfling  qualitias 
assassnnant  of  a fighter  aircraft.  Tha  procadura  is  describad 
arxl  some  results  from  both  simulation  arxl  flight  testing  ara 
presented. 
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78-1018 

Conipliaiice  of  the  Humaii  Ankle  Joint 

G.C.  Agarwal  and  C.L.  Gottlieb 

Univ.  of  Illinois  at  Chicago  Circle,  Chicago,  IL,  ASME 

Paper  No.  77-WA/Bio-2 

Kay  Words:  Bioanginaaring,  Ankles,  Dynamic  response 

Tha  dynamic  response  of  the  human  ankla  Joint  to  a band- 
limitad  (0  to  60  Hx)  gaussian  torque  disturbarxn  supar- 
imposad  on  a oonsttnt  bias  torque  it  observed  at  different 
lavals  of  voluntary  contraction  of  tha  leg  muscles  acting 
about  the  ankla.  Tha  compliance  of  the  ankle  joint,  defined 
as  tha  ratio  of  tha  joint  rotation  and  applied  torque  it  model- 
ed by  a sacond-ordar,  linear  dynamic  ntodal. 


BRIDGES 


78-1019 

An  Analyaia  of  the  Dynamic  Qiaracteriatica  of  a 
Stsspeniion  Bridge  by  Ambient  Vibration  Meaanre- 
menta 

A.M.  Abdel-Ghaffar  and  G.W.  Housner 
Earthquake  Engrg.  Res.  Lab.,  California  Inst,  of 
Tech.,  Pasadena,  CA,  Rept.  No.  EERL-77-01, 86  pp 
(Jan  1977) 
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PB-275  063/6GA 

K«v  Word*:  Suipaniion  bridgat.  Natural  fraquanciaa,  Moda 
•bapaa,  Traffic-inducad  vibrationi,  Exparimantal  data 

Extantiva  axparimantal  invattigationt  wara  conductad  on 
tba  Vincant-Thomaa  Sugjanaion  Bridga  at  Loa  Angalaa 
Harbor  to  datarmina  natural  fraquanciaa  and  moda  ahmaa 
of  vortical,  torakmal  and  lataral  vibrationa  of  tha  atructura. 
Thaaa  ambiant  vibration  taata  involvod  tha  aimultanaoua 
maaauramanta  of  both  varticai  and  iatarai  vibrational  motiona 
cauaad  by  traffic.  Maaauramanta  avara  mado  at  aalactad 
pointa  on  diffarant  croaa  aactiona  of  tha  atiffaning  atructura. 


BUILDING 

lAlao  aee  No.  929) 


;8-I020 

Dciipi  of  ui  Elutic  WM  Tiiuel  Model  of  a Tail 
Office  Bauldng  Hang  a Finite  Eiement  Computer 
Code 

M.P.  Felix  and  W.A.  Eckerle 

General  Dynamics/Convair,  San  Diego,  CA,  ASME 

Paper  No.  77-WA/DE-6 

Kay  Worda;  Multiatory  buiktinga.  Taat  modala.  Wind  tunnal 
taata,  Mathamatical  modala,  Finita  alamant  tachniqua, 
Computar  programa 

A dynamic  atructural  modal  of  a 274.m  (BOO-ft)  offica 
buHding  Maa  daaignad  and  built  for  taat  in  a low  qioad  wind 
tunnal.  Tha  doaign  of  tha  modal  waa  aidad  by  a finita  alamant 
computar  coda  (SAP  I VI.  Tha  daaign  waa  baaad  upon  barxling 
and  torakHial  alaatic  cuivaa  of  tha  propoaad  fuil-acaia  building 
auppliad  by  tha  uructural  arcbitacta 


78-1021 

of  Excavatiou  Blaata  to  Prevent  Damme 

Y.S.  Chae 

Rutgers  Univ.,  New  Brunswick,  NJ,  Civ.  Engr.  (N.Y.), 
48  {4),pp  77-79  (Apr  1978)  4 figs 

Kay  Worda:  Blaat-raaiaiant  atructuraa,  Buikfinga 

Tha  July,  198B,  iaaua  of  Civil  Enginaaring  includad  an  articia 
atating  erltaria  for  daaigning  axcavation  Matta  to  avoid 
damaging  naarby  atructuraa.  Blaata  cauaing  particia  valocitias 
not  graatar  than  2 ia/aac  ware  conaidorad  aafa.  Tan  yaara 
of  additionai  axparlanca  haa  ahown  that  the  2 In./aac  criteria 
waa  too  rigid;  aoma  atructuraa  hava  baan  damapad  at  amallar 
valuaa^  aoma  hava  whhatood  largar  blaata.  Tha  author  roc- 
ommanda  that  biaat  daaign  taka  into  contidaralion  tha 


condition  of  naarby  atructuraa  and  atataa  that  humans,  ba- 
cauaa  they  ara  more  santithra  to  vibration  than  ara  atructuraa, 
can  ba  tha  controlling  factor  In  blast  daaign. 


78-1022 

Some  Uniqueneaa  Remits  Related  to  BuiMmg  Stine- 
tural  Identifieation 

F.E.  Udwadiaand  D.K.  Sharnna 
Dept,  of  Civil  Engrg.,  Univ.  of  Southern  California, 
Los  Angeles,  CA  90007,  SIAM  J.  Appl.  Math., 
34  (1 1,  pp  104-118  (Jan  1978)  1 fig,  1 table,  12  refs 

Kay  Worda:  Saiamic  daaign,  Buikfinga,  Paramatar  kfantrfica- 
tion  tachniquaa 

This  papar  atudiaa  tha  natura  of  uniquanaaa  in  tha  kfantifica- 
tion  of  building  atructural  ayatama  aubjactad  to  strong  ground 
shaking.  Charactarization  of  the  atiffnaas  diatrkNition  in 
tha  atructura  from  a knowladge  of  raipaiaa  of  one  of  tha 
floors  to  a baaa  axchation  it  invaatigatad. 


78-1023 

laelaatie  Behavior  of  EccentricaBy  Braced  Steel 
Frames  Under  Cyclic  Loadings 

C.\N.  Roederand  E.P.  Popov 
Earthquake  Engrg.  Res.  Center.,  California  Univ., 
Richmond,  CA,  Rept.  No.  UCB/EERC-77/18,  329  pp 
(Aug  1977) 

PB-275  526/2GA 

Kay  Words:  Frsmad  atructuraa.  Building,  Saiamic  design, 
Earthquaka  ratiatant  atructuraa 

A unique,  practical  atructural  ayatam,  tha  accantric  bracing 
tyatam,  twhich  potaataat  many  advantages  in  tha  aaienic 
design  of  ttaal  atructuraa,  it  datcribad  in  this  work. 


78-1024 

A Methodology  for  Seismic  De^  and  ConstmetsM 
of  Single-Famiy  Dwellings 

Applied  Technology  Council,  Palo  Alto,  CA,  Rept. 
No.  HUD-PDR-248-1 , 476  pp  (Sept  1976) 

PB-275  099/DGA 

Kay  Words:  Buikfinga,  Saiamic  design 

Thli  report  protantt  tha  ratulta  of  an  bt-dapth  effort  to 
davaiop  daaign  and  oonttruction  practicat  for  aingle-famiiy 
rsakfancaa  that  mkikniza  tha  potantiai  aeonomic  loat  and 
tha  IHaJoaa  risk  ataociatad  with  aarthquakaa.  Tha  report: 


77 


diniMM  tiM  ways  structurM  txhave  whan  subjact  to  laianic 
foreat;  wtt  forth  wggastad  datign  critaria  for  convarttionat 
layout!  of  dwallings  oonatructad  of  convantional  matarialt; 
prawnn  oonatruction  datails  that  do  not  raquire  the  detignar 
to  parform  attalytical  calculationt;  wggattt  procaduras  for 
afficiant  platxhacking;  and  praaantt  raoommandatjont 
including  details  and  schadulas  for  usa  in  tha  fiald  by  con- 
struction panonnal  and  building  inspactors. 


7S-102S 

A MetiMMlology  for  Seianie  Deaigii  and  Conatruction 
of  Singia-Faniy  Dwelinga;  Supplementary  Engineer- 
ing Analyiia  Report 

Applied  Technology  Council,  Palo  Alto,  CA,  Rept. 
No.  HUD  PDR-248-2,  HL  J/RES-208,  126  pp  (Jan 
1977) 

PB-275  I00/6GA 

Kay  Words:  Building^  Saisnic  design 

This  report  presents  tha  engineering  basis  for  tha  Report 
tillad,  'A  Methodology  for  Seismic  Design  and  Construc- 
tion of  Singia-Family  Dwellings'  (PB-275  099).  Tha  purpose 
of  that  report  was  to  develop  saismic-resistiva  design  and 
construction  raoommartdations  to  reduce  future  probable 
earthquake  caused  damage  and  hazards  for  single-family 
rasidancas.  Included  in  this  report  are  the  ertginaering  calcula- 
tions, raasoning  and/or  reports  of  fMd  observations  that 
form  the  basis  for  tha  design  and  cortstruction  procedures 
raoommendad  in  the  Mathoddogy.  The  theory  and  design 
calculations  given  in  this  report  include  considarations  of 
the  overall  structure,  as  wall  as  qiacific  construction  details. 


78-1026 

Seimiie  Shears  aad  Overturuiug  Momeuts  in  Bnililings 

R.  Smilowitz  arKi  N.M.  Newmark 
Dept,  of  Civil  Engrg.,  Illinois  Univ.  at  Urbana-Cham- 
paign,  IL,  Rept.  No.  STRUCTURAL  RESEARCH 
SER-441,  UILU-ENG-77-2011,  NSF/RA-770317, 

145  pp  (July  1977) 

PB-275  678/IGA 

Kay  Words:  Buildings.  Seismic  ravonsa 

Seismic  force  distributions  for  simplifiad  computation  of 
shaart  and  ovar-tuming  moment  for  praiiminary  design  of 
buUdings  have  been  genaratad.  A parameter  study  of  the 
significam  variablas  tas  been  made  to  datarmina  the  ap- 
plicability of  tha  proposed  distributions.  Tha  results  of 
tha  study  atong  with  tha  explanation  of  tha  methods  by 
vdtich  thay  were  obtairtad  ara  piesantad.  Tabular  and  graphic 
matariai  are  included. 
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78-1027 

Helicopter  Rotor  Isolation  Evaluation  Utiiaing  the 
Dynamic  Antiresonant  Vibration  Isolator 

A.D,  Rita,  J.H.  McCiarvey,  and  R.  Jones 

Kaman  Aerospace  Corp.,  J.  Amer.  Helicopter  Soc., 

^ (1),  pp  22-29  (Jan  1978)  10  figs,  2 tables,  7 refs 

Key  Words:  Dynamic  antiresonant  vibration  isolator  (DAVI), 
Helicopter  rotors 

This  paper  includes  the  results  of  the  analysis,  design,  ground 
tests  aiKl  flight  test  phases  that  were  conducted  on  an  Army 
furnished  UH-1H  helicoptar  modified  with  a Dynamic 
Antirasorwnt  Vibratfon  Isolator  (DAVI)  rotor  isolation 
system. 


78-1028 

The  Damping  Characteristics  of  Vibration  Isolators 
Used  in  Gas  Turbines 

R.  Holmes 

School  of  Engrg.  and  Appl.  Sciences,  Univ.  of  Sussex. 
UK,  J.  Mech.  Engr.  Sci.,  19.(6),  pp  271-277  (Dec 
1977)  4 figs,  6 refs 

Key  Words:  Gas  turbines.  Vibration  isolators.  Squeeze  film 
bearings.  Damping  coefficients 

The  linear  and  nonlinaar  damping  performance  of  a common 
type  of  gas-turbine  vibration  isolator,  consisting  of  a squeeze- 
film  iournal  bearing  in  parallel  with  a linear  retainer  spring, 
is  computad  atxf  used  to  prescribe  limits  to  tha  usa  of  linear 
damping  coefficients. 


PUMPS,  TURBINES,  FANS, 
COMPRESSORS 


78-1029 

Transient  Speed  Re^onae  of  a Gas  Turbine 

A.K.  Mohanty  and  H.M.  Balasubramanya 

IIT,  Kharagpur,  J.  Inst.  Engrs.  (India),  56  (MED. 

pp  49-53  (July  1977)  7 figs,  1 table,  6 refs 

Key  Words:  Gas  turbines.  Dynamic  responsa 

This  paper  presents  a simpla  artalysis  of  a gas  turbine  power 
plant  under  transient  operating  oonditioiw  - in  particular, 
tha  acceleration  at  constant  load  torqus.  OomparaMa  results 
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of  experiments  performed  on  laboratory  modal  gat  turbine 
are  alto  diicuttad. 


ITA-3. 136pp  (1976) 
(In  German) 
N78-14407 


78-1030 

Noiae  Reduction  by  Suitable  Choice  of  DupUcement- 
Type  Pimpa  and  Their  Parameters 

P.  Wuesthof 

British  Library  Lending  Div.,  Boston  Spa,  UK,  Rept. 
No.  BLL  NEL-TT-2719  (6075  461),  17  pp  (1977) 
(Engl,  transl.  from  Oelhydraulic  and  Pneumatic, 
^(7),pp  457-461, 1976) 

N78-14404 


Key  Words:  Surges,  Compressors,  Pumps,  Turbomachinery 


Unsteady  flow  phenomena,  to-callad  surging,  are  kctown  to 
occur  in  duct  syttsmt  comprising  turbopumpt,  turbocom- 
prasaort  or  fans  if  tha  volume  flow  rate  being  deliverad  falls 
below  a cartain  limit.  Surging  is  associated  with  self-excited 
fluctuations  of  pressure  arxf  flow  rate  of  rJefinita  periodici- 
A mathematical  description  of  a surgittg  process  is 
presented  in  the  form  of  a norr-lirtear  diffarential  aquation 
which  it  an  extended  form  of  the  aquation  of  Van  dar  Pol. 
Application  of  the  theory  to  several  systems  investigatad 
experimentally  by  other  authors  (involving  axial  and  cert- 
trifugal  compressors  artd  centrifugal  pumps)  shows  very 
good  agreement  of  surging  frequencies,  amplitudes  arxl  wave- 
forms. The  analogies  between  the  self-exciting  behavior  of 
tunnel  (Esaki)  diodes,  gat  compressors,  aitd  hydraulic  pumps 
are  elto  considered. 


Key  Words:  Pumps,  Noise  reduction 


An  attempt  was  made  to  examine  the  noise  output  of  dif- 
ferent patterns  of  pump  comparatively  as  a function  of 
pressure,  reaction  qwed  and  displaced  volume.  It  was  found 
that  at  a rule  a raduction  of  reaction  spaed  and  a division 
of  the  total  oil  flow  into  smaller  units  are  particularly  affec- 
tive. 


78-1033 

First-Order  Pump  Suif  e Behavior 

P.H.  Rotheand  P.W.  Runstadler,  Jr. 

Creare,  Inc.,  Hanover,  NH,  ASME  Paper  No.  77-WA/ 
FE-12 


78-1031 

Effect  of  the  Deaipi  of  External  Gear  Pumps  on  the 
Noise  Emitted  by  Them  in  Service 

S.  Strycrek 

British  Library  Lending  Div.,  Boston  Spa,  UK,  Rept. 
No.  BLLNEL-TT-2732  (6075.461),  11  pp  (1977) 
(Engl,  trans.  from  Oelhydraulic  and  Pneumatic, 
20  (12),  pp  813-815, 1976) 

N78- 14406 


Key  Words:  Pumps,  Piping,  Fluid-induced  excitation 


This  paper  presents  the  results  of  an  empirical  study  utxler- 
taken  to  attest  the  appropriateness  and  applicability  of  a 
timpla,  analytical  model  of  pump-piping  system  flow  in- 
stability. The  anelysit  it  usad  to  dascribe  behavior  actually 
observad  in  a well  defined,  simple,  pump-piping  system. 
The  frequency  and  amplitude  of  the  flow  oscHlationt  ob- 
served during  pump  surge  and  the  range  of  the  pump-piping 
system  characteristic  perameters  for  which  unstable  flow 
oscillationt  occurred  are  in  good  agreement  with  the  be- 
hevior  predicted  by  the  analysis.  The  results  of  this  work 
provide  a quantiutive  basis  for  investigating  modificationt 
to  the  lumped-paremeter  model  in  order  to  make  it  alto 
appropriate  for  tha  analysis  of  more  complex  pump  or 
compressor  systems.  Although  the  analytical  model  dis- 
played here  it  not  new,  a direct  comparison  of  model  pre- 
dictions  egainst  similar  measuramantt  of  first-order  pump 
surge  hat  not  been  published  prior  to  this  work. 


Key  Words:  Pumps,  Gears,  Noise  generation 


Various  shapes  and  sizes  of  key  elements  in  a gear  pump 
were  used  in  a test  pump  constructed  to  identify  and  locate 
the  most  important  pump  noise  sources,  thus  enabling  ef- 
fective noise  reduction  during  pump  design.  Factors  studied 
include  tha  affects  of  different  numbers  of  teeth  of  a gear 
pair,  the  and  and  radial  clearances,  arxf  the  bearing  of  tha 
gears  on  the  pump  casing. 


78-1032 

Pwnping  Phenomeiion  of  Compreamra  and  Tnibo- 
ptmpa  aa  Nonlinear  Oaeilation  (Der  Piinipvorganf 
von  Veidichtem  nnd  Kreiaeipumpen  ala  nkhtlineare 
Sefcwingnng) 

A.J.T.  l-tofyath 

Inst,  de  Thermjque  Appliquee,  Ecole  Polytechnique 
Federate  de  Lausanne,  Switzerland,  Rept.  No.  EPFL- 
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Techniqnea  for  Meaniring  Wheei/Rai  Poicea  with 
Trackaide  Inatnimentation 
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D.R.  Ahibeck  and  H.D.  Harrison 
Battelle-Coiumbus  Laboratories,  Columbus,  OH, 
ASME  Paper  No.  77-WA/RT-9 

Key  Words;  Intsraction;  rail-vutMol,  MeasuranMnt  tachniques 

In  this  pipar,  tachniquas  for  the  nnasurafnant  of  vshaal/rail 
loads  using  tracksida  instrumantation  ara  discussed,  based 
on  experienca  accrued  ovar  two  years  of  field  maasuremants. 
Thaae  trackside  maasuraments  have  provided  a basis  for 
tha  evaluation  by  Amtrak  of  new  locomotivat  and  passenger 
equipment,  and  were  used  in  a Department  of  Transporta- 
tion-sponsored  program  for  evaluating  loads  on  coiKrete- 
tie  track.  Whaal/rail  load  data  representative  of  freight 
and  pessettgar  traffic  ara  presented  to  il''>strate  an  applica- 
tion of  the  measurement  techniques. 


REACTORS 

(Also  see  Nos.  916,  945,  988) 


78-1035 

The  Apalyaia  of  Dynamically  Loaded  Non-Linear 
Stmctiirea 

I.  Davidson  and  J.N.  Bradbury 
9 Dale  Lane,  Appleton,  Warrington,  UK,  Nucl. 
Engr.  Des.,  45  (2),  pp  399-410  (Feb  1978)  6 figs, 
7 refs 

Key  Words:  Nuclear  reactors,  Containirtent  structures. 
Dynamic  tests.  Computer  programs 

Small  nrodels  of  a proposed  prestresaad  corrcrete  contaitv 
mant  structure  for  a sodium  cooled  fast  breeder  reactor  hava 
bean  made  af«d  tasted.  They  were  partly  filled  with  water 
and  loaded  internally  by  datonatiitg  axplosivn  charges. 
Prior  to  the  tests  the  modal  was  arwiyzad  by  an  axisymmetric 
dynamic  relaxation  computer  program. 


78-1036 

Seimic  Model  Teal  of  the  CCFR  G>ie  and  Core 
Support  Stractnre 

L.E.  Penresand  R.L.  Bedore 
General  Atomic  Co.,  P.O.  Box  81608,  San  Diego, 
CA  92138,  Nucl.  Engr.  Des.,  ^ (2),  pp  471-480 
(Feb  1978)  5 figs,  3 tables,  8 refs 

Key  Words:  Nuclear  reactors.  Seismic  excitation.  Resonant 
fraquencief,  Moda  shapes.  Modal  tasting 

A 15%  scala  modal  was  constructed  to  study  the  dynamic 
structural  behavior  of  the  GCFR  (gas  cooled  fast  braadar 


reactor)  core  support  structure  during  seismic  excitation. 
Tha  modal  contains  a perforated  aluminum  plate  with  a 
diameter  of  20  in.  and  265  model  core  elements  constructed 
from  7/8  in.-diameter  aluminum  tubes.  The  proper  fre- 
quency and  mass  ratios  of  the  core  elements  and  the  per- 
forated plate  was  ensured  by  placing  steal  inserts  in  the  tubas. 
The  natural  frequencies,  mode  shapes  and  dampittg  factors 
ware  individually  measured  for  each  of  the  oompi  ants 
and  for  the  complete  system.  Harmonic  arxf  simplified  itis- 
mic  forcing  functions  were  applied  to  study  the  dynamic 
behavior  of  tha  core  and  its  support  structure.  Tha  test 
results  were  compared  with  both  analytical  and  computer 
code  results. 


78-1037 

Dynamic  Analysia  of  a Preaaurized  Water  Reactor 
Coolant  System  Stibjected  to  Postulated  Loaa-of- 
Coolant  Accident  Tranaient  Loads 

R.E.  Matfiews,  B.F.  Saffell,  Jr.,  and  R.K.  Mattu 
EG  & G Idaho,  Inc.,  Idaho  Falls,  ID,  ASME  Paper 
No.  77-WA/DE-23 

Key  Words:  Nuclear  reactors.  Piping,  Transient  response 

An  independent,  time  history,  dynamic  analysis  of  a three- 
loop  pressurized  water  reactor  (PWR)  has  bean  performed 
for  a postulated  rupture  of  the  cold  leg  primary  coolant 
piping  at  the  reactor  pressure  vessel  nozzle.  This  postulated, 
instantaneous  (less  than  0.020  s)  rupture  of  a reactor  system 
primary  coolant  pipe  it  a lots-of-coolant  accident  (LOCA). 
Such  an  event  causes  large  magnitude  short-duration  me- 
chanical loads  on  piping  components,  aitd  component  sup- 
ports. The  structural  response  of  the  primary  coolant  system 
it  defined  by  first  formulatiitg  a finite  element  representa- 
tion of  the  loop  piping,  major  components  in  tha  piping 
loops,  reactor  vessel  with  internals,  and  the  major  com- 
ponent supports.  The  transient  forcing  functions  which  are 
utilized  to  excite  the  system  are  developed  from  plant 
hydraulic  analyses. 


78-1038 

Stzuidardned  Seimic  Deaigii  Spectra  for  Nuclear 
Plant  Equipment 

N.C.  Tsai  and  W.S.  Tseng 

Bechtel  Power  Corp.,  San  Francisco,  CA  94119, 
Nucl.  Engr.  Des.,  45_(2),  pp  481-488  (Feb  1978) 
8 figs,  1 table,  4 refs 

Key  Words:  Nuclear  power  plants.  Seismic  design 

Standardized  seismic  design  spectra  were  developad  for  tha 
nuclear  plant  equipment.  Presented  hare  are  ktealizad  design 
spectrum  peak  envelopes  for  different  types  of  structure 
materials  and  for  both  tha  SSE  and  QBE  conditions.  Pro- 
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cedures  are  also  provided  for  the  application  of  the  design 
spectrum  peak  envelopes  to  the  seismic  qualification  of 
equipment  either  by  dyriamic  analysis  or  testing. 


78-1039 

Proving  Teat  of  Earthqiuke-Reaiatant  Pipinga,  Equip- 
ment and  Active  Componenta 

H.  Shibata 

Inst,  of  Industrial  Science,  Univ.  of  Tokyo,  22-1, 
Roppongi  7,  Minato-ku,  Tokyo  106,  Japan,  Nucl. 
Engr.  Des.,  46  (1),  pp  169-178  (Mar  1978)  5 figs, 
1 table,  6 refs 

Key  Words:  Nuclear  power  plants.  Earthquake  resistant 
structures.  Test  facilities 

A shaking  table  for  testing  earthquake-resistant  properties 
of  key  items  in  nuclear  power  stations  is  described. 


78-1040 

Regulatory  Requiresnenta  for  Blaat  Effecta  from 
Accidental  Exploaiona 

J.  O'Brien 

Nuclear  Regulatory  Commission,  Washington,  DC 
20555,  Nucl.  Engr.  Des.,  J[6  (1),  pp  145-150  (Mar 
1978)  3 figs,  9 refs 

Kay  Words:  Nuclear  power  plants.  Explosion  effects 

Procedures  and  criteria  acceptable  to  the  USNRC  for  veri- 
fying the  adequacy  of  nuclear  power  plant  structures,  sys- 
tems and  components  to  resist  the  effects  of  accidental 
explosions  outside  the  piant  are  presented.  A method  of 
computing  the  probability  of  an  accidental  explosion  is  also 
given.  The  relative  importatKe  of  blast  gerterared  missiles, 
wind,  overpressure  and  ground  shock  is  treated.  The  in- 
herent strength  of  Nuclear  Power  Plants  to  resist  blast  effects 
due  to  imposed  design  requirements  tor  other  extreme  en- 
vironmental loads,  such  as  tornadoes,  is  considered.  Short- 
comings in  the  previous  practice  of  comparing  air  blasts 
with  tornadoes  are  outlined. 


78-1041 

Non-Linear  Lateral  Meclianical  Responae  of  Prea- 
mrteed  Water  Reactor  Fuel  Amemblies 

R.L.  Grubb  and  B.F.  Seffel,  Jr. 

EG  & G Idaho,  Inc.,  Idaho  Falls,  ID,  ASME  Paper 
No.  77-WA/DE-18 

Nuclear  fuel  elements.  Nonlinear  response 


Mechanical  responae  analysis  of  15  adiacent  fuel  assemblies 
subjected  to  postulated  lossof-coolant  accident  (LOCA) 
loadings  is  described  in  this  paper.  A structural  and  mass 
model  is  developed  for  each  fuel  assembly.  The  gaps  be- 
tween adjacent  fuel  assemblies  and  between  the  fuel  arid 
baffle  plates  are  included  in  the  structural  representation. 
Spacer  grid  impect  forces  are  defined  within  these  gap 
elements  by  springs  which  become  active  when  contact 
is  made  between  adjacent  grids. 


78-1042 

Environmental  Noise  Study  for  a Nuclear  Power 
Plant 

E.E.  Dennison,  R.E.  Maier,  J.W.  McGaughey,  and 
S.P.  Ying 

Gilbert/C^mmonwealth,  Commonwealth  Associates, 
Inc.,  209  E.  Washington  Ave.,  Jackson,  Ml  49201, 
Noise  Control  Engr.,  JO  (1),  pp  33-39  (Jan/Feb 
1978)  7 figs,  31  refs 

Key  Words:  Nuclear  power  plants.  Noise  reduction.  Stan- 
dards and  codes 

This  peper  describes  an  environmental  noise  impact  tech- 
nique intended  to  fulfill  federal,  state,  and  local  require- 
ments for  constructing  a large  nuclear  power  plant  in  the 
United  Statev 


78-1043 

In  SITU  Dynamic  Teats  and  Seiamic  Remrds  on 
the  RHR  System  Building  ENEL  IV  Nuclear  Plant/ 
Caorso,  Itsdy 

A.  Castoldi,  M.  Casirati,and  F.L.  Scotto 
Dynamic  Dept.  ISMES  (Istituto  Sperimentale  Modelli 
e Strutture),  Bergamo,  Italy,  Nucl.  Engr.  Des  , 45  (2), 
pp  497-506  (Feb  1978)  10  figs,  1 table 

I 

Key  Words:  Nudoar  power  pleme,  Buildingt,  Dyrtemic 
tests.  Testing  techniques.  Seismic  excitation 

The  tests  on  the  RHR  Building  of  the  Ceorso  Nudeer  Plant 
are  part  of  a program  of  dynamic  tests  on  large  structures 
•Ponsored  by  ENEL,  which  ISMES  is  presently  cerrying 
out.  The  mein  purposes  of  this  progrem  ere  to  collect  in- 
formetion  on  the  effectivenest  of  different  excitation  meth- 
ods, set  up  the  most  niitable  recording  and  processing  tech- 
nique, and  compare  the  experimental  results  with  the  com- 
puted ones,  in  view  of  the  validation  of  the  adopted  com- 
puting schemas. 


Kay  Words: 


78-1044 

Seianic  Analyiis  and  Design  of  Electrical  Cable 
Trayi  and  Support  Systems 

R.M.  Shahin,  R.  Manuelyan,  and  C.  Jan 
Gibbs  & Hill,  Inc,,  393  7th  Ave.,  New  York,  NY 
10001,  Nucl.  Engr.  Des.,  ^(2),  pp  515-522  (Feb 
1978)  3 figs,  5 refs 

Key  Words:  Nuclear  power  plants,  Sainnic  design.  Trans- 
mission lines 

Most  cable  trays  in  nuclear  power  plants  are  classified 
as  seismic  category  I components.  Current  safety  require- 
ments dictate  that  ail  such  components  be  adequately  de- 
signed in  order  to  remain  functional  during  and  after  the 
most  severe  possible  earthquake,  to  that  a safe  and  orderly 
plant  shut-down  can  be  ensured.  The  design  8u>ects  of 
electrical  cable  trays  and  support  systems  are  discussed  from 
the  seismic  and  structural  standpoint.  The  effects  of  the 
inherent  flexibility  of  commonly  used  cable  trays  it  con- 
tidarad.  A procedure  for  the  selection  of  trays  and  the 
design  of  their  tuppon  structure  it  recommended. 


RECIPROCATING  MACHINE 

(Also  see  No.  1001) 


78-1045 

Wind-Tunnel  Inveatigation  of  the  Aerodynamic 
Performance,  Steady  and  VUiratory  Loads,  Surface 
Temperatures  and  Acoustic  Characteristics  of  a 
Large-Scale  Twin-Engine  Upper-Surface  Blown  Jet- 
Flap  Configuration 

l^ngley  Res.  Center,  NASA,  Langley  Station,  VA, 
Rept.  No.  NASA-TM-X-72794,  163  pp  (Nov  1975) 
N78-14031 

Key  Words:  Turbofan  engines.  Wind  tunnel  tests 

Tests  have  been  conducted  in  full-scale  tunnel  to  determine 
the  aerodynamic  performance,  steady  and  vibratory  aero- 
dynamic loads,  surface  temperatures,  and  acoustic  charac- 
teriatica  of  a large  tesla,  twin  turbofan  engine,  upper  surface 
Blown  iei-flap  configuration.  The  tests  were  made  for  an 
aitgle  of  attack  range  from  -4  dag  to  28  dag  and  a thrust 
coeWictem  range  from  0 to  4 for  trailing  stlge  flap  deflectiont 
of  12da«snd  72  dag. 
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Group,  East  Hartford,  CT,  Rept.  No.  NASA-CR- 
135313;  PWA-5543, 166  pp  (July  1977) 

N78- 13059 

Key  Words:  Turbofan  engines.  Digital  simulation.  Dynamic 
properties 

A digital  computer  simulation  of  a mixed  flow,  twin  spool 
turbofan  engine  was  assembled  to  evaluate  arxf  improve  the 
dynamic  characteristics  of  the  engine  simulation  to  dis- 
turbance frequencies  of  at  least  100  Hz.  One  dimensional 
forms  of  the  dynamic  mass,  momentum  and  energy  equa- 
tions were  used  to  model  the  engine.  A TF30  engine  was 
simulated  to  that  dynamic  characteristics  could  be  evaluated 
against  results  obtained  from  testirtg  of  the  TF30  engine  at 
the  NASA  Lewis  Research  Center. 


78-1047 

An  Example  of  Additive  Damping  as  a Coat  Savings 
Alternative  to  Redesign 

M L.  Drake  and  J.D.  Sharp 

Univ.  of  Dayton  Research  Inst.,  Dayton,  OH,  ASME 
Paper  No.  77-WA/GT-2 

Key  Words:  Engine  vibration.  Vibration  damping.  Testing 
techniques.  Resonant  frequencies.  Mode  shapes.  Fast  Fourier 
transform 

At  a cost  savings  alternative  to  complete  redesign  of  the  TF- 
41  engine  inlet  extension,  the  Air  Force  Materials  Labora- 
tory, in  conjunction  with  the  University  of  Dayton  Research 
Institute,  conducted  a program  demonstrating  the  practical- 
ity of  applying  a multi-layer  damping  treatment  to  the 
existing  inlet  extension  to  replace  the  current  fiberglass 
wrap.  The  fiberglass  wrap  was  designed  to  eliminate  high 
cycle  fatigue  failures  in  the  extension;  however,  the  wrap 
incurs  disbonds  and  delaminations  which  in  turn  cause 
local  high  temperature  spots  resulting  from  frictional  heet 
ing.  This  paper  describes  in  detail  the  experimental  methods 
used  to  determine  dynamic  characteristics  of  both  the 
damped  and  unfamped  structure,  including  digital  fast- 
fourier  analysis  for  determination  of  resonant  frequencies 
and  mode  shapes,  the  techniques  used  to  damping  treatment 
optimization,  and  correlation  of  test  cell  and  laboratory 
da  .a. 


ROAD 

(Also  sen  Nos.  918.921.922.  1014) 

78-1048 

Tke  ferfonasMcr  of  ((onvmtionai  wid  Enetg):  Ab- 
aoHkwg  Reatraissls  hi  Shnulatnl  Cradi  Teala 
'»  R Sorrailhe  and  N C)  H»arn 


Aeronautical  Res.  Labs..  Melbourne,  Australia,  Rept. 
No.  ARL/STRUC  359,  35  pp  (Sept  1975) 

AD  A047  532/7GA 


internal  damping  on  tha  ttability  it  alto  tiudiad. 
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Key  Words:  Dynamic  tests.  Collision  research  (automotivel. 
Seat  belts.  Energy  absorption 

Dynamic  tests  were  dune  using  conventional  l^i  sash  seat 
belt  restraints,  and  assemblies  incorporating  energy  ab- 
sorbers in  the  sash  strap.  Three  restraint  geometries,  rigid 
and  cushioned  seats  and  assemblies  with  the  straps  slack, 
tight  and  preloadad  were  tested. 


78-1049 

Retfsonae  of  Belted  Dummy  and  Cadaver  to  Rear 
Impact 

A.S.  Hu.  S.P  Bean,  and  R..M.  Zimmerman 
Physical  Science  Lab.,  New  Mexico  State  Univ., 
University  Park.  NM.  Rept  No.  PSLPR00848, 
DOT  HS  803  028,444  pp  (June  1976) 

PB-275  472/9GA 

Kay  Words:  Collision  research  (automotive).  Anthropo- 
morphic dummies 

Sled  impact  tests  ware  conducted  to  simulate  the  motion 
ol  a standard  sue  car  at  rest  impacted  from  tha  rear  by  a 
second  car  ol  equal  weight  travailing  at  32  mph.  Tha  test 
subjects  ware  anthropomorphic  dummies  and  unembalmad 
cadavers.  They  ware  seated  in  a bench  seat  (headrest  in 
its  down  position)  and  ware  three-point  belted. 


ROTORS 

(Also  see  Nos  951,958.  1027) 


78-lOSO 

Problem  of  Rotor  Paainf  Throu^  Critical  Speed 
with  Gyroscopic  Effect  (Analyaia  by  Asymptotic 
Method  and  Experiments) 

K.  Nonami  and  M Miyashita 

Faculty  of  Engrg.,  Tokyo  Metropolitan  Univ.,  Seta- 
gaya-ku,  Tokyo,  Japan,  Bull.  JSME,  21  (151),  pp  56- 
63  (Jan  1978)  19  figs,  13  refs 

Kay  Words:  Rotors,  Critical  speeds.  Gyroscopic  affects 

Tha  nonstationary  vibration  of  a rotor  with  a gyroscopic 
offset  in  passing  through  its  critical  spaad  it  studied  by 
using  the  asymptotic  method.  Two  cates  are  axaminad  in 
detail:  a constant  acceleration  and  tha  interaction  batwasn 
tha  driving  source  and  the  vibration  tyttsm.  Tha  affect  of 


78-1051 

Influence  of  Oil  Squeese-Film  Damping  on  Steady- 
State  Reqionae  of  Flexible  Rotor  Operating  to  Siipef^ 
critical  Speeds 

R E.  Cunningham 

Lewis  Res.  Center,  NASA,  Cleveland,  OH,  Rept 
No  NASA-TP-1094;  E-9091,  44  pp  (Dec  1977) 
N78-1 3064 

Kay  Words:  Squeeze-film  dampers,  Flexibla  rotors,  ^iodic 
response,  Unbslancad  mast  ratponsa 

Exparimantsl  data  were  obtained  for  tha  unbdanea  ramonss 
of  a flexible  rotor  to  meads  abova  the  third  lateral  banding 
critical.  Squsaza-film  damping  ooafficisntt  calculated  from 
msawrad  dau  showed  good  agraamant  with  short-ioumal- 
baaring  approximationt  over  a frequency  range  from  6000 
to  31,(XX>  cpm.  Rssponts  of  a rotor  to  varying  amounts  of 
unbalance  was  invastigatad.  A very  lightty  danmad  rotor  ssas 
compared  with  one  where  oil-tquaaza  dampers  ware  applied. 


78-1052 

Analysis  of  the  Noise  CesMsated  by  Axial  Ventila- 
tors Remlting  from  Rotor-Stator  Interactioa 

J.  Jedrys/ek 

Dissertation,  Ph.D.,  Polytechnika  Wroclaswka,  Po- 
land, 138  pp  (1976) 

(In  Polish) 

UM  1/2906C 

Kay  Words:  Interaction:  rotor-stator.  Noise  ganarstion. 
Noise  raduction.  Computer  programs 

An  snalysis  of  tha  noise  ganaratad  in  an  axial  ventilator  by 
rotors  and  stators  Mada  is  prasantad  in  this  disiartation.  Tha 
vamllator's  acoustical  modal  is  givan.  Stator  blade  altituda 
are  raceivad  like  gaomatrleal  mot  of  acoustical  dipol  sourea. 


SHIP 

(See  No.  917) 


SPACECRAFT 

78-1053 

Some  Aspects  of  the  Dynamics  and  Stability  of 
Spinning  Flexible  Spacecraft 
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R K Williamson 

Engrg.  Science  Operations.  Aerospace  Corp.,  El 
Segundo,  CA.  Rept.  No.  TR-0077  (2901-03)-8,SAM- 
SO  TR  77-210.  63  pp  (Sept  12.  1977) 

AD  A047  502/0GA 

Kay  Wonte:  Spacecraft.  Rotating  ttructurai.  Wobbla.  Dy- 
namic (tafaility 

Tha  hybrid  coordinate  vproach  combines  diKrate  coor- 
dinates describing  tha  irandaliont  and  rotations  of  soma 
bodies  or  reference  frames  of  the  system  with  distributad 
or  modal  coordinates  describirtg  the  small  ratal  hre  motiont 
of  other  pai.'  of  the  system.  This  approach  is  illustrated  by 
^plication  to  a simplified  spinning  «>acscraft  system. 


78-1034 

Stability  tmi  Coatrol  of  Flexible  Spacecraft  with 
ParaMctric  Excitatioii 

C.J  Harris 

Engrg  Lab..  Oxford  Univ..  UK.  Rept  No  OUEL- 
1193/77.22  PP  (Apr  1977) 

N78  13120 

Kay  Words:  Spacecraft.  Lumped  parameter  method.  MsShe- 
msaical  modats.  Parametric  sacitMion 

The  analysis  and  control  of  flexibis  aiacscraft  has  attracted 
considarable  attention  in  recent  years;  with  ever  incraasing 
damarxfs  for  fine  pointing  accuracy  and  larger  and  more 
complax  vahiclas.  this  probiam  is  becoming  mors  significant. 
The  lumped  parameter  modeling  approach  is  used  to  find 
a simple  but  rsprasemsiive  three-dimensional  mathematical 
model  of  a ganaralixad  flexible  salallita  with  momentum 
exchange  and  body  fixed  gas  iet  raactor  attitude  controllars. 


78-1055 

DyMMiic  Model  of  a Three  Axis  Stabiiixe)i  Ceoata- 
lioMry  Satellite  with  Flexible  Solar  Arrays  in  Nor^ 
nsal  Operation 

G K.  Heimbold 

Deutsche  Forschungs-  uixJ  Versuchsanstalt  f.  Luft- 
und  Raumfahrt.  Oberpfaffenhoten.  West  Germany. 
Rept  No.  DLR-IB-552-77/7.  129  pp  (Mar  16.  1977) 
(tn  German) 

N 78- 14082 

Key  Words:  Satellites.  Dynamic  structural  analysis.  Mathe- 
matical modalt 

The  equations  of  motion  ware  darivsd  from  the  total  system 
energy  by  application  of  Lagrange's  method.  Structural  flexF 


bility  was  introduced  into  the  system  equst'nns  in  a hybrkf 
coordinate  formulation.  La.,  a combination  of  discrete  arxJ 
distributad  (modal)  coordinates.  Some  simulation  results 
of  the  whole  system  using  a digital  computer  numerical 
integration  are  thoswi. 


78-1056 

Reaonant  Behavior  of  a Synunetric  Miade  Having 
Roll  OrienUtion-Dependent  Aerodynamics 

T.R  Pepitone 

Ph.D.  Thesis.  Univ.  of  Virginia.  179  pp  (1977) 
UM  7800425 

Kay  Words:  Resonant  response.  Missiles 

The  transient  response  of  a symmetric,  cruciform  missile, 
having  roll  orientation  • dependant  aerodynamics,  it  studied. 
The  asyngitotic  method  of  Bogoliubov  and  Mitropolsky  it 
employed,  in  the  case  of  mitsla  planar  motion,  to  investigate 
tha  parametric  rasottatKa  instability  which  exists  at  orta- 
half  the  fundamental  resonance  roll  rata. 


USEFUL  APPLICATION 


78-1057 

Dynamic  Techniqiiea  for  Detecting  and  Tracing 
Tunnel  Complexes 

R.F  Ballard,  Jr 

Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS,  Rept.  No.  WES-MP-S-77-25,  17  pp 
(Dec  1977) 

AD  A048  415/4GA 

Key  Words:  Tunnalt.  Detection,  Vibratory  tachniquat. 
Acoustic  tachniquas 
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